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$4995.

?v. i 5
Sug& iy, S-100 microcomputer systems can easily handlé 100 million
bytes. Because Morrow Designs™ now offers the first 26 megabyte hard disk
nzemory for S-100 systems—the DISCUS M26™ Hard Disk System.
It has 26 megabytes of useable memory (29 megabytes
ﬁnformatted) And it's expandable to 104 megabytes.
The DISCUS M26™ system is delivered compleie—
-% 26 megabyte hard disk drive, controller, cables and operating system\-for
~ just $4995. Up to three additional drives can be added, $4495 apiece.
) The DISCUS M26™ system features the Shugart 08
‘Wlnchester -type sealed media hard disk dnve in a handsome metal cabg
\wﬁh fan and power supply.

The single-board S-100 confroller incorporates ln#eih-
g%nce to supervise all data transfers, communicating with the CPU via
three I/0 ports (command, status, and data). The controller has the abilify to
generate inferrupts at the completion of each command fo increase system

“throughput. There is a 512 byte sector buffer on-board. And each sector canée

; ﬁ'udlwduaily write-protected for data base security. £

i The operating system furnished with DISCUS M26TM
systems is the widely accepted CP/M* 2.0. !
~ See the biggest, most cost-efficient memory ever lnt. -
“duced for 8-100 systems, now at your local computer shop. If unavailable |
locally, write Morrow Designs™ 5221 Central Avenue, Richmond, CA 94804,
= /Qrculi (415) 524-2101, weekdays 10-5 Pacific Time. o 2 »‘

‘CPIMis o frademark of Digitol Research.

% Momow DESIGNS™

Thmker Toys




NEW! TPM* for TRS-80 Model Il
NEW! System/6 Package

Computer Design Labs

280 Disk Software

We have acquired the rights to all TDL software (& hardware). TDL software has long had the reputation of being the best n the
industry. Computer Design Labs will continue to maintain, evolve and add to this superior line of quality software
— Carl Galletti and Roger Amidon, owners.

Software with Manual/Manual Alone

All of the software below is available on any of the
following media for operation with a Z80 CPU using
the CP/M* or similar type disk operating system
(such as our own TPM*).

for TRS-80* CP/M (Model | or I1)

for 8 CP/M (soft sectored single density)
for 5%’ CP/M (soft sectored single density)
for 5%’ North Star CP/M (single density)
for 5%’ North Star CP/M (double density)

BASIC |

A powerful and fast Z80 Basic interpreter with EDIT,
RENUMBER, TRACE, PRINT USING, assembly language
subroutine CALL, LOADGO for “chaining”, COPY to
move text, EXCHANGE, KILL, LINE INPUT, error inter-
cept, sequential file handling in both ASCII and binary
formats, and much, much more. It runsin a little over 12
K. An excellent choice for games since the precision
was limited to 7 digits in order to make it one of the
fastest around. $49.95/815.

BASIC Il
Basic | but with 12 digit precision to make its power
available to the business world with only a slight sacrifice
in speed. 3till runs faster than most other Basics (even
those with much fess precision). $99.95/$15.

BUSINESS BASIC

The most powerful Basic for business applications. It
adds to Basic Il with random or sequential disk files in
either fixed or variable rgcord lengths, simultaneous
access to multiple disk files, PRIVACY command to
prohibit user aceess to source code, global editing,
added math functions, and disk file maintenance capa-
bility without leaving Basic (list, rename, or delete).
$179.95/825.

ZEDIT
A character oriented text editor with 26 commands
and“macro” capability for stringing multiple commands
together. Included are a complete array of character
move, add, delete, and display function. $49.95./$15

ZTEL

ZB0 Text Editing Language - Not just a text editor.
Actually a language which allows you to edit text and
also write, save, and recall programs which manipulate
text. Commands include conditional branching, subrou-
tine calls, iteration, block move, expression evaluation,
and much more. Contains 36 value registersand 10 text
registers. Be creative! Manipulate text with commands
you write using Ztel. $79.95/$25.

TOP
A Z80 Text Output Processor which will do text
formatting for manuals, documents, and other word
processing jobs. Works with any text editor. Does
justification, page numbering and headings, spacing,
centering, and much more! $79.95/825.

MACRO |

A macro assembler which will generate relocateable
or absolute code for the 8080 or Z80 using standard
Intel mnemonics plus TDL/Z80 extensions. Functions
include 14 conditionals, 16 listing controls, 54 pseudo-
ops, 11 arithmetic/logical operations, local and global
symbols, chaining files, linking capability with optional
linker, and recursive/reiterative macros. This assembler
is so powerful you'llthink itis doing all the work foryou. It
actually makes assembly language programming much
less of an effort and more creative. $79.95/$20.

MACRO Il
Expands upon Macro I's linking capability (which is
useful but somewhat limited) thereby being able to take
full advantage of the optional Linker. Also a time and
date function has been added and the listing capability
improved. $99.95/$25.

LINKER

How many times have you writien the same subroutine
in each new program? Top notch professional pro-
grammers compile a library of these subroutines and
use a Linker to tie them together at assembly time.
Development time is thus drastically reduced and
becomes comparable to writing in a high level language
but with all the speed of assembly language. So, get the
new CDL Linker and start writing programs in a fraction
of the time it took before. Linker is compatible with
Macro | &1l as well as TDL/Xitan assemblers version 2.0
or later. $79.95/$20.

S-100 MICROSYSTEMS

DEBUG I

Many programmers give up on writing in assembly
language even though they know their programs would
be faster and more powerful. To them assembly language
seems difficult to understand and follow, as well as
being a nightmare to debug. Well, not with proper tools
like Debug |. With Debug | you can easily follow the flow
of any Z80 or 8080 program. Trace the program one
step at a time or 10 steps or whatever you like. At each
step you will be able to see the instruction executed and
what it did. If desired, modifications can then be made
before continuing. It's all under your control. You can
even skip displaying a subroutine call and up to seven
breakpoints canbe setduring execution. Use of Debug|
can payforitself manytimes overbysaving you valuable
debugging time. $79.95/$20.

DEBUG Il

This is an expanded debugger which has all of the
features of Debug | plus many more. You can“trap” (i.e.
trace a program until a set of register, flag, and/or
memory conditions occur). Also, instructions may be
entered and executed immediately. This makes it easy
to learn new instructions by examining registers/memory
before and after. And a RADIX function allows changing
between ASCII, binary, decimal, hex, octal, signed
decimal, or split octal. All these features and more add
up to give you a very powerful development tool. Both
Debugland !l mustrun onaZ80 butwilldebugbothZ80
and 8080 code. $99.95/520.

ZAPPLE
A 280 executive and debug monitor. Capable of
search, ASCIl put and display, read and write to /0
ports, hex math, breakpoint, execute, move, fill, display,
read and write in Intel or binary format tape, and more!
on disk $34.95/$15.

APPLE
8080 version of Zapple $34.95/$15.

NEW! TPM nowavailable for TRS-80 Model
1H
TPM*

A NEW Z80 disk operation system! This is not CP/M*.
It's better! You can still run any program which runs with
CP/M* but unlike CP/M* this operating system was
written specifically forthe Z80* and takesfulladvantage
of its extra powerful instruction set. In other words its
not warmed over 8080 code! Available for TRS-80*
(Model | or Il). Tarbell, Xitan DDDC, SD Sales "VERSA-
FLOPPY", North Star (SD&DD), and Digital {(Micro)
Systems. $79.95/825.

SYSTEM MONITOR BOARD ({SMB I1)
Acomplete |/0Oboard forS-100systems. 2 serial ports,
2 parallel ports, 1200/2400 baud cassette tape inter-

face, sockets for 2K of RAM, 3-2708/2716 EPROM's or

ROM, jump on reset circuitry. Bare board $49.95/$20.

ROM FOR SMB 11
2K X8 masked ROM of Zapple monitor. Includes source
listing $34.95/%$15.

PAYROLL (source code only)
The Osborne package. Requires C Basic 2.
5" disks $124.95 (manual not included)
8" disks $ 99.95 (manual not included)
Manual $20.00

ACCOUNTS PAYABLE/RECEIVABLE
{source code only)
By Osborne, Requires C Basic 2
5" disks $124.95 (manual not included)
8" $99.95 (manual not included)
Manual $20.00

GENERAL LEDGER (source code only)
By Osborne. Requires C Basic 2
5" disks $99.95 (manual not included)
8" disks $99.95 (manual not included)
Manual $20.00

C BASIC 2
Required for Osborne software. $99.95/%$20.

SYSTEM/6
TPM with utilities, Basic | interpreter, Basic E compiler,
Macro | assembler, Debug | debugger, and ZEDIT text
editor.
Above purchased separately costs $339.75
Special introductory offer: Only $179.75 with coupon!!

B e

ORDERING INFORMATION
Visa, Master Charge and C.0.D. O.K. To order call or

write with the following information.
1. Name of Product (e.g. Macro [) - m
2. Media (e.g. 8" CP/M) —-
3. Price and method of payment (e.g. C.0.D.) include

credit card info. it applicable.

4. Name, Address and Phone number.
5. For TPM orders only: Indicate if for TRS 80, Tarbell,
Xitan DDDC, SD Sales (5%" or 8”). ICOM (5%" or
8"), North Star (single or double density) or Digital
{Micro) Systems.

6. N.J. residents add 5% sales tax.

Manual cost applicable against price of subsequent

software purchase in any item except for the Osborne
software.

For information and tech queries call
609-599-2146

For phone orders ONLY call toll free

1-800-327-9191
Ext. 676

(Except Florida)
OEMS
Many CDL products are available for licensing to
OEMs. Write to Carl Galletti with your requirements.

* ZBO is a trademark of Zilog

* TRS-80 is a trademark for Radio Shack

* TPM is a trademark of Computer Design Labs. It is not
CP/M*

* CP/M is a trademark of Digital Research

Prices and specifications subject to change without

notice.

DEALER INQUIRIES INVITED.

COMPUTER
DESIGN
LABS

342 Columbus Avenue
Trenton, N.J. 08629



The Empire

has expanded!

New Mainframe opens more

areas for development

|n onhe quantum leap Tarbell has expanded its pop-
ular Empire (the vertfical disk subsystem) info a full
line. This entire series now encompasses 5 variations.
Each one contains different components so the
5-100 system designer, hobbyist, or serious business
user can arrive at the exact custom state he wants
and needs.

The basic Empire still includestwo
Shugart or Siemens 8” disk drives;
the compact cabinet with fan
and power supply; aTarbell floppy
disk interface; CP/M*; Tarbell
BASIC; the necessary cables, con-
nectors and complete documen-
tation. Naturally, it's fully assem-
bled and Tarbell tested.

The new, top of the line Empire
contains the basic model’'s com-
ponents with the Tarbell design-
approved Mainframe. Beside the
8-slot 5-100 motherboard with an
active terminated bus, there's a
cardcage with card guidesand a
double-density interface,

You're the master of your Empire
You can call the shots in the Empire. Tarbell's made
sure of that by offering them as complete subsystem
packages . . . or, as separate units, For example, the
mainframe may be ordered with 1, 2 or no drives.
Whichever way you go, however, you always getf the
reliability of Tarbell tested compo-
nents and leadership-engineering.

To get control of your own Empire,
see your quality computer store
for quick delivery. Or, contact us
for dealer locations or further in-
formation.

CP/M is a trademark of Digital Research.

[

@50 Dovlen Place - Suite B
Carson, California, 90746
(213) 538-4251 / 538-2254
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The past

year has
sizeable increases in the prices of
software packages. The next few
months should see sizeable in-

seen very

creases in the prices for micro-
computer software. This is all due to
significant changes in the software
marketplace.

I remember only five years ago
buying my first copy of Basic for only
$5. It was a mini-version of about 2K
bytes of code on paper tape. It came
in the mail in a standard number ten
size envelope (I remember the post-
age was only 10 cents then) and
included 5 photocopied pages of
instructions. The author sold it
directly, as a hobby. He had a good
full time job and this was just a little
project, on the side. The program
provided only the very fundamental
Basic functions. Storing a Basic
program, by today’s standards, was a
real hassle and there were a few bugs
in the program. But at $5, who could
complain?

Today, things have changed radi-
cally. | have changed...from a pure
hobbyist-to an entrepreneur that
relys on his system for income. My
needs have changed. | need powerful
software with a lot of bells and
whistles. Further, | need software
which will allow me to do my tasks
quickly. And also, | need software
that is bug free and does not
consume my time with debugging.

Today | think little of spending
$100 for a software package, and |
have spent as much as $500 for a
package. | think that | am typical of
most microcomputer users. | am sure
that most of the computer hobbyists
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of two to five years ago are the
entrepreneurs of today. It seems like
all of my old computer hobbyist
buddies are making money with their
systems, one way or another. Al-
though we still play around with our
systems just for the fun of it, most of
our time is now spent on income
producing projects.

The microcomputer market has
thus been shifting from what was
originally strictly a hobby to one that
is now predominantly oriented to
professional users. The likelihood is
that the coming year will see much
more of this, with business applica-
tions finally coming to dominate the
microcomputer area.

The microcomputer software sup-
plier area was started by part-timers
working in their basements and
attics..... like my Basic supplier.
There are still plenty of them around
in fact, their number seems to be
increasing. However, the software
marketplace has matured greatly.
The new breed of software supplier is
catering to the professional and
business users. Customers are not
price sensitive. Rather, they are
willing and able to pay high prices
but are demanding value for their
money. They want sophisticated
software. They want a lot of support
and handholding. They want soft-
ware that is bug free and delivers on
promises. This demand for higher
quality software requires that the
software supplier be a professionally
run organization that is there to stay.
This costs money and hence the
increases in software prices reflect
this.

Editor’s Page

by Sol Libes

An example of the changes in
software prices is reflected by the
price of the VisiCalc software pack-
age sold by Personal Software. This
very popular software package was
first introduced with a suggested
selling price of $100. It was sold
through dealers and hence the com-
pany may have netted only $60-70 on
each sale. Probably, most of this
amount was eaten up by production
and marketing costs leaving little, if
anything, to cover development and
customer support costs. The result
was that Personal Software recently
increased the price to $200—a 100%
increase—and the likelihood is that
the price will be increased further.
Most software suppliers, however,
are attempting to hold prices on
previously released packages and are
raising prices on new releases.

There are already a few micro-
computer software packages selling
in the $1,000 area. These are the
business-oriented packages. It is
likely that by the end of next year
typical software package costs will
have shifted from the present $100-
$500 to the $5000-$1000 area, with
few going to the $2000 area. After all,
keep in mind that software packages
for mini and large size computer
systems sell in the over $10,000 area
with several going for over $50,000.

One distressing fact is that al-
though software suppliers have been
raising software prices, the level of
customer support and pre-testing of
software has still not changed as
dramatically. a

S-100 MICROSYSTEMS



.. At Intersystems,
dump”is an instruction.
- Not a way of life.

Oy, when you're ready for IEEE SHOO, will your
computer be ready for you?)

e

& |
We're about to be gadflies again.
While everyone’s been busy

trying to convince you that large

buses housed in strong metal
boxes will guarantee versatility
and ward off obsolescence, we've
been busy with something better.
Solving the real problem with the
first line of computer products
built from the ground up to con-
form to the new IEEE S-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.
We call our new line Series
™ And even if you don’t need the
full 24-bit address for up to 16
megabytes (!) of memory right
now, they're something to think
about. Because of all the perform-

ance, flexibility and economy
they offer. Whether you're looking
at a new mainframe, expanding
your present one or upgrading
your system with an eye to the
future. (Series 1l boards are com-
patible with most existing S-100
systems and all IEEE 5-100 Stan-
dard cards as other manufacturers
get around to building them.)
Consider some of the fea-
tures: Reliable operation to 4MHz

and beyond. Full compatibility

with 8- and 16-bit CPUs, pe-
ripherals and other devices. Fight
levels of prioritized interrupts. Up
to 16 individually-addressable

DMA devices, with IEEE Standard
overlapped operation. User-selec-

table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that's just for openers.
The best part is that all this
heady stuff is available now! In
our advanced processor—a full
I[EEE Bus Master featuring Memory
Map™ addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

economical 2-serial, 4-parallel
Multiple 1/O board. 8-bit A/D-D/A
converter. OQur Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete IEEE S-100 system. Available
separately, or all together in our
new DPS-1 Mainframe!

Whatever vour needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We’'ll
tell you all about Series Il and the
new [EEE S-100 Bus we helped
pioneer. Because it doesn’t make
sense to buy yesterday’s products
when tomorrow’s are already here.

\Y ™
Innfeerayystienmns
Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91,

Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346
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Dear Editor: bit processors will work with in the magazines to provide a Dear Editor:

I'm glad that there is finally
someone competent supporting
the S-100 bus. The magazines
have been doing at best a
mediocre job and its been get-
ting progressively worse and
worse. The S-100 bus certainly
has had its problems and I'm
well aware of them with my
collection of over 150 S-100
boards. However, there's a lot to
be said in favor of the S-100 bus
and that just has not been done
properly by the traditional maga-
zines. The creativeness, innova-
tiveness, and imagination of
many of the S-100 designers has
me in absolute awe. It really irks
me when someone says an S-100
machine is no good because its
a hobbyist machine and is
therefore of inferior quality.
True, there is a lot of schlock in
the S-100 area, but that's be-
cause there has been so much
designed for it and because of
the hesitancy of the traditional
magazines to print legitimate
criticisms of poorly designed
and obsolete products. There is
more depth in the S$-100 area
than anywhere else. Unfortu-
nately, some of the really first
rate quality products in the
S-100 area (such as the Compu-
talker, Biotech products, ADS
Noisemaker, Speechlab, Digital
Graphic Systems CAT-100, Cam-
bridge Development Labs gra-
phic boards, Casheab music
synthesizers, Marinchip 9900
MPU, Sublogic software, etc.)
have not gotten the exposure
and attention they deserve from
the traditional magazines even
though they've been around for
several years. And as a result,
many of these fine products are
about to die.

One area of great hope and
promise for the S-100 bus is the
16-bit microcomputer. Unfortu-
nately, despite the IEEE S-100
standards, this could be a
nightmare for the unwary con-
sumer. For example, some 16-
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only 16-bit memory and not the
8-bit memory that most of us
S$-100 users presently own. The
new lthaca Intersystems Z8000,
the re-designed Alpha Micro
100T, and the TECHMAR
8086 are this way. Also it turns
out that it is optional in the IEEE
S-100 standards whether a man-
ufacturer who designs IEEE
S-100 memory boards wants to
support a 16-bit data path for his
memory. Most of the IEEE S-100
memory products on the market
right now such as Godbout,
Thilnker Toys, Measurement
System & Control, etc. does not
support true 16-bit data trans-
fers. | should also add that
though some of the new 16-bit
products are electrically |EEE
S-100 compatible, they may not
be physically IEEE S-100 compa-
tible. For example, the new
Alpha-Micro 100T and Piceon's
32K 16-bit word memory cards
are both 10 inches talllll This
means that you cannot fit them
into a normal IMSAI, ALTAIR,
TEI, Vector Graphics, Godbout,
or North Star chassis. Then
there's Marinchip's 32K 16-bit
word memory card which will
only work with their 16-bit
computer and will not work with
any of the 8-bit computers. Also
some of the memory-mapped
devices such as the North Star
minifloppy interface, the North
Star hardware multiply/divide
board, and Thinkertoy's floppy
disk probably won’t work with all
of the new 16-bitters. Since
many of these new 16-bit com-
puters can directly address 128K
bytes of memory or more, con-
sumers should begin to consider
seriously forcing the manufac-
turers to provide memory with
error-correcting code capability,
as is done on mini-computers
and traditional mainframes. And
| haven’t even mentioned any-
thing in the area of software yet!
Its pretty obvious that some-
thing needs to be done and said

smoother transition for $-100

consumers into the world of the

powerful 16-bitters if the S-100

bus is to be successful in this
area. | want it to be.

Kenneth Young

Los Angelos, CA

Dear Editor:

The following might be an
item of interest to some of your
readers: | have found a paper-
back book called "8080/8085
Software Design” to be an
excellent publication. Perhaps it
might even be called a reference
book, as it contains a library of
commonly used B0B0 assembly
language routines, which saves
the reader considerable effort in
not having to ‘roll his own’, and
also, probably saves him from
doing many of these in the worst
possible manner.

Much of today's documenta-
tion, | find, is poorly written;
and | think of it as not unlike
asking a native for directions to
get somewhere. Invariably the
reply is something like, “Follow
the road you're on all the way
down. You'll see it. You can't
possibly miss it.” Having travel-
ed up and down that same road
each day, the native soon be-
comes oblivious to the fact that
there may be three forks in the
road along the way. To him, his
way home, is the only ‘straight
road’. A newcomer usually can
describe a route better than
someone presenting himself as
an authority.

In any event, Dr. Christopher
Titus seems to have an ability to
point out the 'forks’ in the ‘road’.
Mine was the Sams version
consisting of two volumes at
$10. each, although | believe that
E&L instruments has since come
out with the same text in one
volume, also $10., which would
seem to be a better buy.

Ernest J. Zitke
Brockton, Mass.

| am currently making a CPU
selection for my S-100 system,
and would like to advise you of
some discrepancies | have found
in the S-100 Processor Boards
and Manufacturers article pub-
lished on page 50 of the Jul-Aug
issue of S-100 MICROSYSTEMS
1) | ordered a Z-80 processor
board from Digital Research
Computers in Texas. My check
was returned with a note saying
that they no longer offered the
board that | had ordered. In fact,
their literature accompanying
my returned check makes no
mention of any processor board
now being offered.

2) The article mentions the 8085
and/or 8088 boards (Compupro)
from Godbout Electronics, but
fails to mention their enhanced
Z-80A board. This was ad-
vertised on the back cover of the
July/August issue of S-100 MI-
CROSYSTEMS.

3) Page 202 of the July 1980
issue of KILOBAUD advertises a
68000 board for the S-100 bus
with on board Z-80 emulation. It
is to be marketed by Vandata,
17541 Stone Ave. N., Seattle WA
98133 PH (206)-542-8370. | have
learned through a telephone
conversation with an employee
at Vandata that a prototype of
this board is functioning and is
being built by Imperical Re-
search Group (IRG) in Kent WA.
And that it may be available as
early as October 1980.

Best of luck with S-100 Micro-
systems. | am finding it a useful
and enjoyable tool while putting
together my system. Perhaps
when its all working | will be
able to share in an article, some
facet of this system's operation
or construction as it relates to
the S-100 bus.

Tim Hamilton
Creswell, OR

Dear Editor:

Many reasons for the relative
success of systems like the

$-100 MICROSYSTEMS



Apple and the TRS 80 have been
given. Mass production by a
large well known company is not
the only reason, as evidenced by
the popularity of the Apple.
Much of the innovative and
useful software written for these
products would be nothing with-
out the graphics.

In my opinion, one of the main
reasons for this success, a
reason which should be con-
sidered carefully by the S-100
community, is our lack of a
standard video graphics system.
Hardware variety is both the joy
and the curse of the S-100 world.
According to my count, there are
at least 21 different manufac-
turers of S-100 video boards
alone, with some firms offering
up to 3 different models of video
boards. This does not count the
wide variety of terminals. Some
of the boards and terminals have
no graphics capability except
what can be managed with text
characters. Others sport a wide
variety of graphics formats, from
character block graphics char-
acters up to HiRes boards
programmable down to the last
pixel. This very variety virtually
guarantees that writing software
for S-100 graphics will rarely be
very profitable.

Fortunately, due to bus, pro-
cessor, exchange, and text
screen standards, there is a very
large amount of non-graphics
oriented software around, much
of it business and utility pro-
grams.

With a new generation of
HiRes Color Video boards ap-
pearing, how can we encourage
programmers to use more gra-
phics in their programs, not just
in games, but in business soft-
ware also? | can see three
concievable avenues: (1) un-
likely; vote on a hardware stand-
ard video system which every
one interested would but (this
would be unfair to many com-
panies). (2) Get the companies to
agree to at least one standard—
each board would be switchable
to run in this mode (this would
require modifications to many
existing boards and some could
not be modified at all). (3)
Cooperate in publishing com-
plete tables of operating para-
meters for existing boards and
systems, and prescriptions for
translating formats where pos-
sible.

All of these ideas have serious
drawbacks, but they are a start. |
strongly urge you to make
MICROSYSTEMS a coordinating
medium for attacking this pro-
blem.

For example: can readers
agree on specifications for a
desireable video board like the
following:

1) true memory mapped, switch-
able location or phantom: 32K at

S-100 MICROSYSTEMS

4MHz.

2) 24 by 80 with optional 48-51 by

80 Black & white & Gray & Color

Capability.

4) both character block and pixel

mode graphics, ram chr. gene-

rator.

5) Variety of graphics resolu-

tions, but at least 512 by 512.

6) On-board keyboard port (par-

allel).

7) 256 character codes and

inverse (each mode).

8) light pen hardware and soft-

ware.

9) contiguous character blocks

and decenders for text mode.

10) IEEE compatable.

11) software support especially

utilities, CPM compatable.
Some of the parameters which

should be included in com-

parison tables should be:

Company, Address, Tel.#

Name of Board, Accesories

A&T Cost

Color?
Pixel Matrix Size: Character
Blocks
Memory Mapped?
Onboard Processor?

Max Graphic Resolution
Video Input or Output Type
Maximum Memory Size
Calling Address STD Utilities
Max Power Used (Amps)
Mem Protect Field
Cursor Control?
Max Char Stored (Test)
Rom or Ram Char. Generator
Video Ram Starting Address
Grey Scale? # of Colors
Terminal Emulator Mode
Max Bus Speed
Occupied Memory Areas
Max Char. Avail in Single Mode
Control Char. Map - Effects

I have a partial list of my own,
but most of it is gleaned from
advertisements. What we really
need is information on each

board from a user or user
manual. A standard form could
be printed in the magazine then
owners of boards could fill in
this hard to get information
without having to write an article.

Another similar problem area
is system memory maps. A
standard one sheet memory map
could be agreed on, with color
coding indicating Ram, Rom,
areas for Higher languages,
Video Ram, Disk Operating sys-
tems, etc. Then software incom-
patabilities could be seen in-
stantly and decisions made
more rapidly. Maps of popular
systems could be published in
the magazine along with articles
covering the featured system.

| hope you can use some of
these ideas. | wish you and your
venture the very best of luck.

John K. Strickland, Jr.
Leander, TX

With our unbeatable quality,
low cost, one-year warranty
and 24 hour a day Test Center,
you won't find a better S-100
bus modem than the MM-103!

Call or write for brochure
and price information:

@

POTOMAC MICRO-MAGIC,INC.
5201 Leesburg Pike, Suite 604

Falls Church, VA 22041

(703)379-8660 (VOICE|
(703)379-0303 (MODEM:

MEETS IEEE S-100 STANDARDS

MM-103 MODEMS

300 BAUD)

ARE NOT
CREATED EQUAL !
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computer disk systems
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[ CP/M* FLOPPY DISK OPERATING SYS-
TEM—Digital Research’s operating system
configured for many popular micro-computers
and disk systems:

System Version Price
Appladl? Locoooiiseianngg 22X,
SoftCard* with 280
Microsoft BASIC version 5
with high resolution
graphics

o

J

North Star Single Density ... 1.4....145/25®
North Star Double Density .. 1.4 ... .145/25
North Star Single Density ..2.x....170/25
North Star Double/Quad ...2.x....170/25
Durango F-85 . . 2x....170/25
iCOM Micro-Disk 2411 1.4....145/25
iCOM 3712 . . .14

iCOM 3812 1.4 170/25*
Mits 3202/Altair 8800 . ..1.4....145/25
Heath H8 + H17 . 1.4....145/25®
HeathH89 ........ 1.4.

Heath H89 by Magnolia ....1.4.

Heath H89 by Magnolia ... . 2.x ..

Onyx C8001 . ... A

Ohio Scientific C3 2.X.

TRS-80 Model | . 1.4.

TRS-80 Model Il .. L2.x.

TRS-80 Model Il + Corvus . 2.x

Processor Technology

Halios Nl oo 1.4....145/25
Cromemco System 3 . ..14....145/25
Intel MDS Single Density ... 1.4 . 145/25
Intel MDS Single Density ... 2. 170/25

Micropolis Mod | B
Micropolis Mod Il 4....145/25®
The following configurations are scheduled for
release soon:
North Star Double/Quad

+-COMUB b e 2.x....250/25

North Star Horizon HD-1 X....250/25
Ohio Scientific C3-C . .2x....250/25
Micropolis Mod Il .......... X....200/25

Mostek MDX STD

Bus System ............ 2x....350/25 "
iCOM 31 X ... 228/28*
icCOM 451 1/Penec D3000 ..2.x....375/25 "+

Software consists of the operating system, text
editor, assembler, debugger and other utilities
for file management and system maintenance.
Complete set of Digital Research’s documen-
tation and additional implementation notes in-
cluded. Systems marked * and ** include firm-
ware on 2708 and 2716. Systems marked + in-
clude 5440 media charge. Systems marked
® require the special ® versions of soft-
ware in this catalog. Systems marked @ have
minor variants available to suit console inter-
face of system. Call or write for full list of op-
tions. O includes hardware addition to allow our
standard versions of software to run under it.

[J Z80 DEVELOPMENT PACKAGE — Consists
® of: (1) disk file line editor, with global inter and
@ intra-line facilities; (2) Z80 relocating assem-
bler, leog/Moslek mnemonics, conditional as-
sembly and cross reference table capabilities;
(3) linking loader producing absolute Intel hex
disk file .. $95/820
(] ZDT—Z80 Monitor Debugger to break and
® examine registers with standard Zilog/
@ Mostek mnemonic disassembllg displays. $35
when ordered with ZB0O Development
\_Package ......................... $50/810

AVOCET SYSTEMS

] XASM-68 — Non-macro cross-assembler with
nested conditionals and full range of pseudo
operations. Assembles from standard Motorola
MC6800 mnemonics to Intel hex .. .$200/$25

[) XASM-65— As XASM-68 for MOS Technology
MCS-6500 series mnemonics . . .. .$200/$25

[ XASM-48 — As XASM-68 for Intel MCS-48 and
UPI-41 families .. $200/$25

[] XASM-18— As XASM-68 for RCA 1802
. .$200/825

[J DISTEL—Disk based disassembler to Intel
8080 or TOL/Xitan Z80 source code, listing and
cross reference files, Intel or TDL/Xitan pseudo
ops optional. Runs on 8080 . ..§65/%10

[ ] DISILOG—As DISTEL to Zwlog/Moslek

@ mnemonic files . ..865/810

Soltware
with / Manual

Manual

[J SMAL/80 Structured Macro Assembler
@ Language— Package of powerful general
purpose text macro processor and SMAL
structured language compiler. SMAL is an as-
sembler language with IF-THEN-ELSE,
LOOP-REPEAT-WHILE, DO-END, BEGIN
END constructs ......... $75/815

Alone

PHOENIX SOFTWARE ASSOCIATES
[J] PASM"—ZB0 macro assembler, Intel/TDL

@ mnemonics. Generates Intel hex format or re-
locatable code in either TDL Object Module

mat. Supports text insertion, conditional
branching within macros, recursive macro calls
and parameter passing. .. ... ..$129/%25
[J EDIT—Character oriented text file editor. In-
® cludes macro definition capabilities. Handles
insertion, deletion, searching, block move, etc.
for nles of any Ienglh Does not requwre a
..§129,

3501250y10rmal or PSA Relocatable Binary Module for-

D PLiNK' Two pass dlsk ln—dlsk Ilnkage edi-
@ tor/loader which can produce re-entrant,

larger than available memory for execution
targeted on another machine. Full library
capabilities. Input can be PSA Relocatable Bi-
nary Module, TDL Object Module or Microsoft
REL files. Output can be a COM file, Intel hex
file, TDL Object Module or PSA Relocatable
R S it $129/825
[] BUG* and ¢ BUG*—ZB0 interactive machine
@ level debuggin% tools for program develop-
ull symbolic trace and interac-

----170!25®N?!2 ROMable code. Can link programs that are

ment. BUG has
tive assembly (mnemonics compatible with
PASM). Dynamic breakpoints and conditional

traps while tracing (even through ROM!). « BUG
is a subset of BUG and is used in memory

limited situations ................. $129/825
DIGITAL RESEARCH
[] MP/M—Installed for single density MDS-800.

Multi-processing derivative of the CP/M op-
eraling system. Manual includes CP/M2
documentation ... ..., $300/850

[] MAC-8080—Macro assembler. Full Intel
® macro definitions. Pseudo Ops include RPC,
IRP, REPT, TITLE, PAGE, and MACLIB. Pro-
duces absalute hex output plus symbol table file
for use by SID and ZSID (see below) $120/815
[] sID-8080— Symbolic debugger. Full trace,
® pass count and breakpoint program testing.
Has backtrace and histogram ulilities. When
used with MAC, provides full symbolic display of
memory labels and equated values .$105/815

[] ZSID-Z80— Symbolic debugger with all fea-
O resof BIP . .cvvvvmnmna vewiass $130/815
@

[] TEX— Text output formatter to create paginat-
® ed, page-numbered and justified copy. Quiput
can be directed to printer or disk ...$105/815
[] DESPQOL — Utility program to permit simulta-
® neous printing from text files while executing
other programs
T Emeesessse
[ tiny C—lInteractive interpretive system for
@ teaching structured programming techniques.
Manual includes full source listings .$105/$50
[1 BDS C COMPILER— Supports most features
® of language, including Structures, Arrays,
@ Pointers, recursive function evaluation, over-
lays. Includes linking loader, library manaFer.
and library containing general purpose, file I/
and floating point functions. Lacks initializers,
statics, floats and longs. Documentation in-
cludes “The C PROGRAMMING LANGUAGE"
by Kernighan and Ritchie .......... $145/$25

WHITESMITHS C COMPILER— The ultimate
in systems software tools. Produces faster
code than a pseudo-code Pascal with more
extensive facilities. Conforms to the full UNIX*
Version 7 C language, described by Kerm?han
and Ritchie, and makes available over 75 func-
tions for performing I/0, string manipulation
and storage allocation. Linkable to Microsoft
REL files. Requires 60K CP/M . ... .$630/$30

L
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[J] FORTRAN-80—ANSI 66 (except for COM-
© PLEX) plus many extensions. Includes relocat-
® able object compiler, linking loader, library with
manager. Also includes MACRO-80 (see
BelOW) . ooovsonverrsm i $425/825
[J COBOL-80—Level 1 ANSI '74 standard
© COBOL plus most of Level 2. Full sequential,
@ relative, and indexed file support with variable
file names. STRING, UNSTRING, COMPUTE,
VARYING/UNTIL, EXTEND, CALL, COPY,
SEARCH, 3-dimensional arrays, compound
and abbreviated conditions, nested IF. Powerful
interactive screen-handling extensions. In-
cludes compatible assembler, linking loader,
and relocatable library manager as described
under MACRO-80 $700/§25
] MACRO-80—8080/Z80 Macro Assembler.
@© Intel and Zilog mnemonics supported. Relocat-
® able linkable output. Loader, Library Manager
and Cross Reference List utilities
included .. ... ... $149/815
O muSIMP/muMATH--muSIMP is a high level
@© programming language suitable for symbolic

Wand semi-numerical processing. Implemented

using a fast and efficient interpreter requiring
only 7K bytes of machine code. muMATH is a
package of programs written in-muSIMP. The
package performs sophisticated mathematical
functions. Keeps track of up to 611 digits. Per-
forms matrix operations on arrays: transpose,
multiply. divide, inverse and other integer pow-
ers. Logarithmic, exponential, trigonometric
simplification and transtormation, symbolic dif-
ferentiation with partial derivatives, symbolic in-
tegration of definite and indefinite integrals.
Requires 40K CP/M. .............$250/$20

[ muLISP-79 — Microcomputer implementation
@© of LISP. The interpreter resides in only 7K bytes
of memory yet includes 83 LISP functions. Has

Q&mﬁnile precision integer arithmetic expressed

in any radix from 2 to 36. muLISP-79 includes
complete trace facility and a library of useful
functions and enter!a:mng sample
programs. ....... ..$200/815

] XMACRO-86— BOBE cross assembler. All
© Macro and utility features of MACRO-80 pack-
age. Mnemonics slightly modified from Intel
ASM86. Compatibility data sheet
avallable .oy et e v $275/%$25

[J EDIT-80 — Very fast random access text editor
© for text with or without line numbers. Global and
intra-line commands suppcr!ed File compare
utility included. ..589/§15

[J PASCAL/M* —Compiles enhanced Standard
® Pascal to compressed efficient Pcode. Totallz
CP/M compatible. Random access files. Bot
16 and 32-bit Integers. Runtime error recovery.
Convenient STRINGs. OTHERWISE clause on
CASE. Comprehensive manual (90 pp. inde-
xed). SEGMENT provides overlay structure.
INPORT, OUTPORT and untyped files for arbi-
trary 1/0. Requires 56K CP/M. Specify 1) 8080
CP/M, 2) ZB0 CP/M, or 3) Cromemco
CDOs. $175/820

] PASCAL/Z—Z80 native code PASCAL com-
@ piler. Produces optimized, ROMable re-entrant
@ code. All interfacing to CP/M is through the
supportlibrary. The package includes compiler,
relocating assembler and linker, and source
for all library modules. Variant records, strings
and direct 1/0 are supported. Reguires 56K
e $395/825

o PASCAL/MT Subsel al standard PASCAL.

@ Generates ROMable 8080 machine code.

® Symbolic debugger included. Supports inter-
rupt procedures, CP/M file 1/0 and assembg
language interface. Real variables can be BC
software floating point, or AMD 9511 hardware
floating point. Includes strings enumerations
and record data types. Manual explains BASIC
to PASCAL conversion. Requires 32K . .$250/
$30

[ APL/V80— Concise and powerful language for
© application software development. Complex
@ programming problems are reduced to simple

active workspace, shared variables, arrays of
up to 8 dimensions, disk workspace and copy
object library. The system also supports auxil-
iary processors for interfacing 1/0 ports. Re-
quires 48K CP/M and serial APL printing termi-
nal or CRT ... ....$500/830

O ALGOL-EU—PowerluI b\ock-slructured lan-
@ guage compiler featuring economical run-time
dynamic allocation of memory. Very compact
(24K total RAM) system implementing almost
all Algol 60 report features plus many powerful
extensions including string handling direct disk
address I/Qetc............... ....$199/820
[] CBASIC-2 Disk Extended BASIC—Non-
® interactive BASIC with pseudo-code compiler
and run-time interpreter. Supports full file con-
trol, chaining. mleger and exlended grecmlon
variables, elc. . ... 20/$15

Nw}) expressions in APL. Features include up to 27K

MICROSOFT

[ BASIC-80—Disk Extended BASIC, ANSI
© compatible with long variable names,
@ WHILE/WEND, chalnmg variable length file

records ..... .......$325/825

) BASIC COMPILER Language compatible
© with BASIC-80 and 3-10 times faster execution.
@ Produces standard Microsoft relocatable bi-
nary output. Includes MACRO-B0. Also linkable
to FORTRAN-80 or COBOL-80 code
e (11— $350/825

MICRO FOCUS

L] STANDARD CIS COBOL—ANSI '74 COBOL
© standard compiler fully validated by U.S. Navy
tests to ANSI level 1. Supports many features o
level 2 includm? dynamic loading of COBOL
modules and a full SAM file facility. Also, pro-
gram segmentation, interactive debug and
powerful interactive extensions to support pro-
tected and unprotected CRT screen formatting
from COBOL programs used with any dumb
terminal .. .. 850/850

Llfeboat Assomates, 1651 Third Avenue. N.Y.. N.Y. 10028 (212) 860-0300 Telex: 220501
Neu inder Schweiz Lifeboat Associates GmbH, Aegerisir 35, 6340 Baar Telefon 042/31 2931

Soitware
with / Manual
Manual/ Alone

(] FORMS 2—CRT screen editor. Output is
© COBOL data descriptions for copying into CIS
COBOL programs. Automatically creates a
query and update program of indexed files
using CRT protected and unprotected screen
formats. No programming experience needed.
Output program directly compiled by STAN-
DARD CIS COBOL $200/520

EIDOS SYSTEMS

[ KISS —Keyed Index Sequential Search. Offers
®© complete Multi-Keyed Index Sequential and Di-
rect Access file management. Includes built-in
utility functions for 16 or 32 bit arithmetic,
string/integer conversion and string compare.
Delivered as a relocatable linkable module in
Microsoft format for use with FORTRAN-80 or
COBOL-80, etc. ... ..$335/823

(] KBASIC—Microsoft Disk Extended BASIC

© version 4.51 integrated by lmplementauon of
nine additional commands in language. Pack-
age includes KISS. REL as described above,
and a sample mail list program. ... .$585/845
To licensed users of Microsoft BASIC-80
(MBASIC) covssmmmepminammid $435/!

(J XYBASIC Interactive Process Control
BASIC — Full disk BASIC features plus unique
commands to handle byte rotate and shift and
to test and set bits. Available in several ver-
sions:

Integer ROM squared ............. $350/$25
Integer CP/M .. ....... ..$350/825
Extended ROM squared . . .$450/825
Extended CP/M ...... ..$450/825
Extended Disk CP/M ......... ..$550/825
Integer CP/M Run Time Compiler ..$350/$25

Extended CP/M Run Time Compnerusu/szs

[J RECLAIM—A utility to validate media under
CP/M. Program tests a diskette or hard disk
surface for errors, reserving the imperfections
in invisible files, and permitting continued
usage of the remainder. Essential for any hard
disk. Requires CP/M version 2. $80/85

BASIC UTILITY DISK —Consists of: (1)
CRUNCH-14— Compacting utility to reduce
the size and increase the speed of programs in
Microsoft BASIC 4.51, BASIC-80 and TRS-80
BASIC. (2) DPFUN— Double precision subrou-
tines for computing nineteen transcendental
functions including square root, natural log, log
base 10, sine, arc sine, hyperbolic sine, hyper-
bolic arc sine, etc. Furnished in source on dis-
kette and documentation ... ....... . $50/835

[J STRING/80 — Character string handling plus
routines for direct CP/M BDOS calls from
FORTRAN and other compatible Microsoft lan-
guages. The utility library contains routines that
enable programs to chain to a COM file, retrieve
command line parameters and search file direc-
tories with full wild card facilities. Supplied as
linkable modules in Microsoft formal. $95/820

[J STRING/B0 source code available
separately— .. .................. $295/NA

[J THE STRING BIT—FORTRAN character
® string handling. Routines to find, fill, pack,
move, separate, concatenate and compare
character strings. This package completely
eliminates the problems associated with
character string handling in FORTRAN.
Supplied with source ............... $65/815
] VSORT — Versatile sort/merge system for fixed
® length records with fixed or variable length
fields. VSORT can be used as a stand-alone
package or loaded and called as a subroutine
from CBASIC-2. When used as a subroutine,
VSORT maximizes the use of buffer space by
saving the TPA on disk and restoring it on com-
pletion of sorting. Records may be up to 255
bytes long with a maximum of 5 fields UPper!
lower case translation and numeric fields
BUpported: suesssarrres Tt $175/820

[J CPM/374X — Has full range of functions to cre-
ate or re-name an IBM 3741 volume, display
directory information and edit the data set con-
tents. Provides full file transfer facilities be-
tween 3741 volume data sets and CP/M
1] F O $195/810

@0
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[J MASTER TAX — Professional tax preparation
© program. Prepares schedules A, B,C, D, E, F,
t G, R/RP, SE, TC, ES and forms 2106, 2119,
2210 3468, 3903, 2441, 4625, 4726, 4797,
4972, 5695 and 6521. Prinling can be on readily
available, pre-printed continuous forms, on
overlays, or on computer generated, IRS ap-
proved forms. Maintains client history files and
is interactive with CPAids GENERAL LEDGER
Il {(see below) . 995/$30
[] STANDARD TAX— As above for schedules A,
B,C.D.E. G, R/RP, SE, TC and forms 2106 and
2441, Also, does not maintain client history
files $495/830

Ll GENERAL LEDGER ll— Designed for CPAs.
1 Stores complete 12 month defailed history of
transactions. Generates financial statements,
depreciation, loan amortizations, journals, trial
balances, statements of changes in financial
positien, and compilation letters. Includes
payroll system with automatic posting to gen-
eral ledger. Prints payroll register, W2's and
payroll checks. . ..o .o vuiaii i $450/$30
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0 T/MAKER— Powerful new tool for preparing
management reports with tabular data. Makes
financial modeling projects easy. Do you wanta

M& weekly profitability report? Set up the table and
compute. Just change the sales figures for next

week and compute. You have a new report!
T/MAKER includes a full screen editor for
setting up tables which pages left, right, up
and down. Compute includes standard arith-
metic, percents, exponents, common tran-
scendental functions, averages, maxima,
minima, pro ecnons. etc. Requires 48K CP/M
and CBASI . .$275/825
.-------- cemssasssos
[] BSTAM— Utility to link one computer to another
® also equipped with BSTAM. Allows file transfers
at full data speed (no conversion to hex), with
CRC block control check for very reliable error
detection and automatic retry. We use it! It's
great! Full wildcard expansion to send *. COM,
etc. 9600 baud with wire. 300 baud with phone
connection. Both ends need one. Standard and

® versions can talk to one another. .$150/$10

[J WHATSIT?* —Interactive data-base system
using associative tags to retrieve information by
subject. Hashing and random access used for
fast response. Requires CBASIC-2 .$175/$25

[J SELECTOR llI-C2— Data Base Processor to
1 create and maintain multi-key data bases.
® Prints formatted sorted reports with numerical
summaries or mailing labels. Comes with sam-
ple apg:llcations including Sales Activity, Inven-
tory, Payables, Receivables, Check Register,
and Client/Patient Appointments, etc. Requires
CBASIC-2. Supplied in source . . . . . $295/820
[0 GLECTOR— General Ledger option to
SELECTOR IlI-C2. Interactive system provides
for customized COA. Unique chart of transac-
tion types insure proper double entry book-
keeping. Generates balance sheefs, P&L
statements and journals. Two year record al-
lows for statement of changes in financial posi-
tion report. Supplied in source. Requires
SELECTOR I1I-C2. CBASIC-2 and 56K
BYBLBM. oo ot b s R i $350/$25

[J CBS—Configurable Business System is a
comprehensive set of programs for defining
custom data files and application systems with-
out using a programming language such as
BASIC, FORTRAN, etc. Multiple key fields for
each data file are supported. Set-up program
customizes system to user's CRT and printer.
Provides fast and easy interactive data entry
and retrieval with transaction processing.
Report generator program does complex calcu-
lations with stored and derived data, record
selection with multiple criteria, and custom for-
mats. Sample inventory and mailing list sys-
tems included. No support language
required ................ . $295/540

MICRO DATA BASE SYSTEMS

[J HDBS —Hierarchical Data Base System.
CODASYL oriented with FILEs, SETs, REC-
ORDs and ITEMs which are all user defined.
ADD, DELETE, UPDATE, SEARCH, and
TRAVERSE commands supported. SET order-
ing is sorted, FIFO, LIFO, next or prior. One to
many set relationship supported. Read/write
protection at the FILE level. Supports FILEs
which extend over multiple fioppy or hard disk
devices.

[J MDBS — Micro Data Base System. Full network

data base with all features of HDBS plus multi-
level read/write protection for FILE, SET, F\EC—

ORD and ITEM. Explicit representation of oneN

to one, one to many, many to many, and many lo

one SET relationships. Supports mulliple '—"

owner and multiple record types within SETs.
HDBS files are fully compatible.

1 HDBS-280 version

(] MDBS-Z80 version $750/840""
8080 version available at $75 extra.

When ordering, specify one of the language
interfaces listed below. Additional language in-
terfaces available at time of purchase for $100
or $125 if purchased later.

**The single manual covering HDBS and
MDBS when purchased alone comes without
specific language interface manual. Manuals
are available for the following Microsoft lan-
guages:

1) MBASIC 4.51, 2) BASIC-80 5.0, 3) Compiled
BASIC or FORTHAN 80, 4) COBOL- 80, 5)
MACRO-80. . SNA/$10

MICROPRO

[J SUPER-SORT1— Sort, merge, extract utility as
© absolute executable program or linkable mod-
ule in Microsoft format. gurts fixed or variable
records with data in binary, BCD. Packed Deci-
mal, EBCDIC, ASCII, floating & fixed point, ex-
ponential, field justified, elc. Even variable
number of fields per record! .......$225/§25

[] SUPER-SORT Il—Above avauabie as absc-
© lute programonly............... $175/825

[] SUPER-SORT Ill—As Il without SELECT/
© EXCLUDE .............. 125/$25

] DATASTAR — Professional lorms conlrol entry
© and display system for key-to-disk data cap-
lure. Menu driven with built-in learning aids.
Input field verification by length, mask, aitribute
(i.e. upper case, lower case, numeric, auto-dup,
etc.) Built-inarithmeﬂccapablljhesusmgkeyed
data, constant and derived values. Visual feed-
back for ease of forms design. Files compatible
with CP/M-MP/M supported languages. Re-
quires 32K CP/M | $350/835

Software
ith / Manual
Manual /' Alone

[ WORD-STAR—Menu driven visual word pro-
© cessing system for use with standard terminals.
Text formatting performed on screen. Facilities
for text paginate, page number, justify, center
and underscore. User can print one document
while simultaneously editing a second. Edit
facilities include global search and replace,
Read/Write to other text files, block move, etc.
Requires CRT terminal with addressable cursor
positioning . ..$445/840

a WORD—STAR-MAIL-MEHGE As above with
© option for production mailing of personalized
documents with mail lists from DATASTAR or
NAD sl chi s ST $575/840

(] WORD-STAR Customization Notes— For
sophisticated users who do not have one of the
many standard terminal or printer configura-
tions in the distribution version of WORD-
BTAR: cocorisspsmuisismmsms gy SNA/$95

[] WORD-MASTER Text Editor—In one mode
@© has superset of CP/M's ED commands includ-
ing global searching and replacing, forwards
and backwards in file in video mode, provides
tull screen editor for users with serial address-
able-cursor terminal .............. $145/825

[J TEXTWRITER Ill— Text formatter to juslify and
® paginate letters and other documents. Special
features include insertion of text during execu-
tion from other disk files or console, permitting
recipe documents to be created from linked
fragments on other files. Has facilities for sorted
index, table of contents and footnote insertions.
Ideal for contracts, manuals, etc. Now compati-
ble with Electric Penclf‘ and Word Slar pre-
pared files . 25/820

/%a) W
PEACHTREE SOFTWARE
[J General accounting software for small busi-
© nesses. Each product can be used alone or with

t automatic pos(in% to the general ledger.
Supplied in source for Microsoft BASIC 4.51.

GENERAL LEDGER ............ $530/840
ACCOUNTS PAYABLE . ..§530/840
ACCOUNTS RECEIVABLE ..$530/840
PAYROLL ......... $530/840
INVENTORY ............ P $660/540
ALSO:

MAILING ADDRESS ............. $530/840
PROPERTY MANAGEMENT ... $925/840

GRAHAM-DORIAN SOFTWARE
SYSTEM

a Comprehenswe accounting software written in

© CBASIC-2 and supplied in source code. Each

® software package can be used as a stand-alone

1 system or integrated with the General Ledger
for automatic posting to ledger accounts. Re-
quires CBASIC-2.

GENERAL LEDGER
ACCOUNTS PAYABLE ....
ACCOUNTS RECEIVABLE .
INVENTORY SYSTEM .. ..
JOB COSTING
APARTMENT MANAGEMENT
CASHREGISTER ............c00 $805/840

............ $805/$40
...$805/840
$805/$40

[ POSTMASTER—A comprehensive package
@ for mail list maintenance that is completely

‘17!'\‘5 menu driven. Features include keyed record

~extraction and label production. A form letter

Software
with / Manual
Manual one.

[J ANALYST — Customized data entry and report-
1 ing system. User specifies up to 75 data items
per record. Interactive data entry, refrieval,
and update facility makes information
management easy. Sophisticated report
generator provides customized reports using
selected records with multiple level break-
points for summarization. Requires a disk sort
utility such as QSORT, SUPER-SORT or
VSORT and CBASIC-2 ........... $250/815

[0 LETTERIGHT — Program to create, edit and
type letters or other documents. Has facilities to
enter, display, delete and move text, with good
video screen presentation. Designed to inte-
grate with NAD for form letter mailings. Re-
quires CBASIC-2 . $200/525

[J NAD Name and Address selection system—
Interactive mail list creation and maintenance
program with output as full reports with refer-
ence data or restricled information for mail
labels. Transfer system for extraction and trans-
fer of selected records to create new files. Re-
quires CBASIC-2 $100/$20

[J QSORT—Fast sort/merge program for files
with fixed record length, variable field length
information. Up to five ascending or descend-
ing keys. Full back-up of input files created

100/$20

* k k k k Kk &

CONDIMENTS
* * ok k k k K

[ HEAD CLEANING DISKETTE—Cleans the
drive Read/Write head in 30 seconds. Diskette
absorbs loose oxide particles, fingerprints, and
other foreign particles that might hinder the per-
formance of the drive head. Lasts at least 3
months with daily use. Specify 5" or 8".

Single sided .$20 each/$55 for 3
Double sided ... ...$25 each/$65 for 3

[] FLIPPY DISK KIT— Template and instructions
to madify single sided 5%" diskettes for use of
second side in single sided drives.. . . .. $12.50

(] FLOPPY SAVER — Protection for center holes
for 5" and 8" floppy disks. Only 1 needed per
diskette. Kit contains centering post, pressure
tool and tough 7 mil mylar reinforcing rings for
25 diskettes.
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5" Kit
8" Ki

[m} PASCAL USER MANUAL AND REPORT—
By Jensen and Wirth. The standard textbook on
the language‘ Recommended for use by
Pascal/Z, Pascal/M and Pascal/MT users $12

[J THE C PROGRAMMING LANGUAGE —By
Kernighan and Ritchie. The standard textbook
on the language. Recommended for use by
BDS C, tiny C, and Whitesmiths C users . .$12

(] STRUCTURED MICROPROCESSOR PRO-
GRAMMING —By the authors of SMAL/80.
Covers structured programming, the 8080/
8085 instruction set and the SMAL/80 lan-
GUBDE = ms s R B AR AT $20

D ACCOUNTS PAYABLE & ACCOUNTS
RECEIVABLE—~CBASIC—By Osborne/
McGraw-Hill v

[J GENERAL LEDGER—-CBASIC—By
Osborne/McGraw-Hill ............ . .$20

[7 PAYROLL WITH COST ACCDUNTING—
CBASIC—by Osborne/McGraw-Hill .. ... $20

[J LIFEBOAT DISK COPYING SERVICE —
Transter data or programs from one media for-
mat o another at a moderate cost . .from $25

* Kk Kk Kk Kk Kk ok
Hearty Appetite.

* Kk Kk k k Kk Kk

*CP/M and MP/M are trademarks of Digital Re-
search.

Z80 is a trademark of Zilog, Inc.

UNIX is a trademark of Bell Laboratories
WHATSIT? is a trademark of Computer Head-
ware.

Electric Pencil is a trademark of Michael
Shrayer Software.

TRS-80 is a trademark of Tandy Corp.
Pascal/M is a trademark of Sorcim.

SoftCard is a trademark of Microsoft.

Apple is a trademark of Apple Computer.
PASM, PLINK, BUG andu BUG are trademarks
of Phoenix Software Associates Ltd.

CPAids is a trademark of Computer Tax Ser-
vice, Inc

1 Recommended system configuration consists
of 48K CP/M, 2 full size disk drives, 24 x80 CRT
and 132 column printer,

® Modified version available foruse with CP/M as
implemented on Heath and TRS-80 Model |
computers.

© User license agreement for this product must
be signed and returned to Lifeboat Associates
before shipment may be made.

@ This product Includes/eXcludes the language
@ manual recommended in Condiments.

® Serial number of CP/M system must be
supplied with orders.

@ Requires Z80 CPU.

Ordering Information

MEDIA FORMAT ORDERING CODES
When ordering, please specify format code.

LIFEBOAT ASSOCIATES MEDIA FORMATS LIST
Diskette, cartridge disk and cartridge tape format codes to be
specified when ordering software for listed computer or disk
systems. All software products have specific requirements in
" terms of hardware or software support, such as MPU type,
memory size, support operating system or language.

............ $250/340° P‘

program is included which provides neat letters
on single sheet or continuous forms. Includes
:NAD file fransiator. Requires CBASIC-2

. $150/520

STRUCTURED SYSTEMS GROUP

[] Complete interactive accounting software for
t business. Each product can be used stand-

alone or with automatic posting to the general
ledger. Each product is thoroughly tested and
very well documented. Each product requires
CBASIC-2

GENERAL LEDGER ............. $820/$40
ACCOUNTS RECEIVABLE . .$820/840
ACCOUNTS PAYABLE .$820/840
PAYROLL ........... .$820/840
INVENTORY CONTROL .$820/%40

NEW!NE
FROM LIF

m—

Latest Version
Numbers List
of Software

Update on
CP/M Users Group

The Great ZOSO Speaks
Out from Behind the Scenes

$18 ppd. for 12 issues (U.S., Canada,
Mexico). Elsewhere $40.

Send Check o “Lifelines,” 1651 Third Avenue,
New York, N.Y. 10028 or use your VISA or
Mastercharge — call (212) 722-1700

Cup;:rigm © 1980 Lifeboat Associates. No por-

tion of this advertisement may be reproduced

without prior permission. l

Computer system Format Code  Computer system Format Code  Computter system Format Code
Altair 8800 Disk ... See MITS 3200 IMS 5000 ..RA  Research Machines8" ... ....A1

Altos. - IMS 8000 . Research Machines 5% .......AH
Apple + SuﬂCald 13 Sectur ey IMSAI VDF‘ 40 REX i Q3
Apple + SoftCard 16 Sector .. IMSAI VDP-42 .. Sanco 70W SV- caaian ....RQ
BASF System 7100 ....... IMSAI VDP-44 ... SD Systems 8" ....... AT

Blackhawk Single Density . .
Blackhawk Micropolis Mod Il .
CDS Versatile 38 ...
CDS Versatile 4
COMPAL-BO RS,
Cromemco System 3 .
Cromemco 22D "
CSSN BACKUP (lape)
Delta ....

Digi-Log M\cmten'n
Digital Microsystems
Discus ... See Morrow D\E:us
Durango F-85 .. A
Dynabyte DB8/2
Dynabyte DB8/4
Exidy Sorcerer + Lilel .
Exidy Sorcerer + Exidy CP/M ...Q4
Healh H8 + H17/H27 P4
Heath H89 + Lifeboat CP/M ... P4
Heath H89 + Magnolia CP/M .. .P7

Helios Il See Processor Technology
Horizon .. . .See North Star
ICOM 2411 Micro F\oppv Y )
iCOM 3712 ... LA
iCOM 3812 M\
ICOM 4511 5440 Canndge

CPM14 ............ D1#

|COM 4511 5440 Canudge
P22 ooomnpanbasamas D2#

Prices F.O.B. New York.
Shipping, handling and C.0.D.
charges extra.

Manual cost applicable against
price of subsequent software
purchase

The sale of each proprietary
software package conveys a
license for use on one
system only.

o]
VISA
asee S

IMSAI VDP-80
Intecolor .. .. See I15C Intecolor
Intel MDS Single Densny LAl
Intertec SuperBrain DOS 0 1 R7
Intertec SuperBrain DOS 0.5-2.X .RJ
Intertec SuperBrain DOS 3.X ... .RK
ISC Intecolor 8B063/8360/8%63 . .A1
Kontron PSI-80 ... - %
Meca 5% R
Micromation

(Except TRS-80 bekww}
Micropolis Mod |
Micropolis Mod Il
MITS 3200/3202
Morrow Discus

Mostek LAl
MSD 5% AC
North Star Single Oensity ... ....P1
North Star Double/Quad . ...P2
Nylac Single Density .. ... Q3
Nylac Micropolis Mod. Il .. ..... Q2
Ohio ScientificC3 ..............A3
Onyx CBOO1 . .. 2 T2#
Pertec PCC 2000 .. Al"
Processor Technology Helios Il B2
QUAY 500 . RO
Quay 520 . o e -
RAIR Slng\e Densuy = ....A9
RAIR Double Density ... \RE

* Single-Side Single-Density disks
are supplied for use with Double-
Density and Double-Side 8 soft
sector format systems.

= IMSAI formats are single density
with directory offset of zero

A media surcharge of $25 for or-
ders ontape formats T1 and T2 and
of $100 for orders on disk formats
D1 and D2 will be added.

*

The list of available formats is sub-
ject 1o change without notice. In
case of uncertainty, call to confirm
the formal code for any particular
equipmenl.

SD Systems 5V
Sorcerer
Spacebyle
SuperBrain
Tarbell ... B
TEI 5%" vens Y ,HS
TEI® ... AT
Thinkertoys ... See Morrow Discus
TRS-B80 Model | 5'/1 .R2
TRS-80 Model | + FEC Freednm RN
TRS-80 Model | + Micromation . A4
TRS-80 Model |+ Omikron 5% RM
TRS-80 Model | + Omikron 8" .. .A1
TRS-80 Model |+ Shutfleboard 8” A!
TRS-80 Mode! Il . 5
VDP-40/42/44/80 See IMSAI
Vector MZ . Q2
Versatile SES cos Versahie
Vista VB0 5%" Single Density ...P5
Vista V200 5%" Double Density . .P6
Zenith Z89 + Lifeboat CP/M ... P4
Zenith Z89 + Magnolia CP/M .. P7

™The Software Supermarkel is a trademark of Lifeboat Associates




Utilities and Bios— Part I

Introduction to CP/M=Part IV

In the previous articles in this series on the CP/M
operating system, the focus has been on general
concepts. With the first part of this article, | will
conclude discussing introductory material and begin
exploring more technical matters. Since | will be
dealing with assembly language, those readers who
have not had experience in this area might find it
helpul to refer to one or more of the references listed
at the end of this article.

CP/M Utilities

Digital Research supplies several utilities with
CP/M. These various programs are used for file
management, text processing, program development,
and information transferral. Rather than discuss each
program in depth, | will merely listthem and give a brief
description of their function. Certain utilities will be
covered in depth in following articles when system
alteration and program development are discussed. If
anyone is interested in submitting articles devoted
exclusively to the description and use of specific
utilities and/or other CP/M programs, feel free to
contact $-100 Microsystems.

ED.COM - This is a line oriented text editor used
for preparation of ASCII files. With CP/M, it is usually
used in co- ordination with ASM.COM and SUBMIT.COM,
but can be also used to prepare text for other programs
such as BASIC or a TEXT PROCESSOR.

ASM.COM - This program is used to assemble
Intel 8080 standard format ASCllIfiles. Input files have
the secondary name ASM while output files have
secondary names of HEX and/or PRN. HEX files,
which are in Intel hex format, contain arepresentation
of the machine code of the assembled source program.
PRN files are identical to the ASM source file but with
machine code equivalents listed in hexadecimal code
adjacent to each line of assembly code.

LOAD.COM - Hex format files are converted to
executable binary files using this program. The output
file producedis a COM file which can then be executed
using the GCP LOAD and EXECUTE command.

STAT.COM - File characteristics such as length
or write protection are checked with STAT. Logical
devices can also be checked using this program. The
STAT utility is much more comprehensive in CP/M 2.0
and later versions than in earlier versions.

DDT.COM - This program provides an extensive
array of commands that are used to inspect and
modify the contents of system memory. It can be used
to create, analyze, and debug programs with the
following functions: 1. alter memory using hexa-
decimal numbers or Intel standard assembler
mnemonics; 2. disassemble machine code to Intel

Jake Epstein, Rainbow Associate, 25 Sagamore Cove, Branford, CT
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Standard mnemonics; 3. dump areas of memory
showing both hexadecimal equivalents and ASCII
equivalents of each location; 4. execute a program
with breakpoints; 5. list and alter the contents of
processor registers and flags; 6. perform hexa-
decimal addition and subtraction; 7. perform single or
mutiple step execution of programs showing machine
register contents and flag status after each
instruction; 8. load files from disk to any location in
memory.

SUBMIT.COM - This program is used for batch
processing. Using ED.COM, the user prepares a file
that contains a list of CCP commands to be executed
by the operating system. This file has the secondary
name SUB. When SUBMIT is invoked, all the
commands listed in the SUB file will be executed just
as if they had been entered at the console. SUBMIT
will only work when drive O (system drive) is logged in.
In CP/M 1.4 and earlier versions, once the user leaves
the CCP mode, as when executing a program, the
SUBMIT function relinquishes control of the system
until a warm boot (cntr-C) is executed by the user. In
version 2.0 and later, commands that are interpreted
by a program can be programmed using the
XSUB.COM utility in co-ordination with SUBMIT. Thus,
long and complex processes involving many different
devices and programs can be executed with or
without user interaction.

MOVCPM.COM - System alteration for various
sized memories is accomplished using this utility.
MOVCPM will be discussed in depth under system
alteration in a future article in this series.

PIP.COM -The peripheral Interchange Programis
used to transfer information from one location to
another. The locationsinvolved can be disk files or I/O
devices such as the console or the printer. PIP also
contains several software switches that allow for
verification or alteration of the data flow.

SYSGEN.COM - This program is used to read or
write to the system tracks of adiskette. This allows the
operatorto alter components of the operating system.
This utility will also be discussed in depth under
system alteration in a future article.

In addition to the COM files listed above, Digital
Research provides two ASCII files that are used in
alteration of a 2.0 or later version system. These files,
DISKDEF.LIB and DEBLOCK.ASM, will be dicussed in

S-100 MICROSYSTEMS



the next article under BIOS II. The term TRANSIENT
COMMAND is often used for utilities such as PIP and
STAT because they are often used in a fashion similar
to CCP commands to monitor and alter system status.
Rather than being built into the CCP, however, they
are loaded and then executed in the TPA, Transient
Program Area.

BIOS - Part |

As discussed in the first article of this series,
BIOS (Basic Input/Qutput System) is the the module
of CP/M in which software interfaces to computer
peripherals are located. The BIOS that is provided by
Digital Research is for the Intel MDS INTELLEC
computer system. If the user does not have this
computer system, then the BIOS has to be modified
for his/her hardware configuration. Once imple-
mented however, software that is CP/M- compatible
may be executed without need for additional
modification of the operating system. Manufacturers
of disk controller boards for 8080/Z280/8085-based
microcomputers supply BIOS's, but the user may still
have to modify non-disk routines such as serial or
parallel port drivers. The main focus of this section
and BIOS - Part ll will be on the structure and operation
of BIOS with a few examples of modification. This
section will be devoted to general organization of
BIOS and non-disk 1/O routines. Part Il will deal with
disk 1/O routines with emphasis on version 2.0
enhancements. Itis advisable that the reader obtain a
listing of a working BIOS to use as a reference to this
section. Issue number 2 of S-100 MICROSYSTEMS
contains an excellent BIOS for version 1.4 written by
Martin Nichols (see references).

Structure

BIOS is the last module inthe CP/M memory map.
All versions of CP/M have the following routines:

1: COLD BOOT This routine is used to
initialize various areas of
the operating system after
the CP/M is loaded from the
system diskette.

2: WARM BOOT Used after a system reset

(cntr-C) to load in CCP and.

BDOS without the necd io
load and initialize the entire
system.

3: CONSOLE STATUS Used to determine whether
or not data is ready to be

input from the console
device.

4: CONSOLE INPUT  Used to input data from the
console.

5: CONSOLE OUTPUT Used to transmit data to the
console device.

Used to transmit data to the
list (hard- copy) device.

6: LIST OUTPUT

7: PUNCH Used to transmit data to the
paper tape punch.
8: READER Used to input data from the

paper tape reader.

S-100 MICROSYSTEMS

9: HOME Causes the logged in disk
drive to seek track 00.
Used to select the disk drive
where disk /O will take
place. Used to log in a disk.
Initializes the disk controller
to a specified track.
Initializes the disk controller
to a specified sector.

13: SET DMA ADDRESS Sets the beginning of a
buffer area in system
memory where data trans-
ferral will occur during disk
1/0.

Data will be transferred from
the disk to the DMA bufferas
determined by the above
routines. The amount ofdata
is that which is contained in
one physical unit on the disk
- one sector of 128 bytes on
a single density floppy
diskette.

Same as read only data is
transferred from the DMA
buffer to the disk.

10: SELECT DISK

11: SET TRACK

12: SET SECTOR

14: READ

14: WRITE

The following two routines have been added to
CP/M 2.0 and later versions:

15: LIST STATUS Used to check status of the
list device.

Used to convert from a
logical location TRANSLATE
to a physical location of a
sector. Used with translation
tables found elsewhere in
BIOS. See Article Il in this
series for a preliminary
discussion of sector skew.

16: SECTOR

At the beginning of BIOS, a vector jump table is
locatedto direct programs to the various routines. The
various jumps have to be placed in the order given
above, but the routines themselves may be anywhere.
There are three different ways in which user programs
may interface to I/O devices. 1. The actual software
drivers may be part of the program. In this case the
program is not useable in systems different from the
development system without modification. 2. The
program may use system calls to BDOS to accomplish
I/O. In this case, BDOS and BIOS transfer data as
determined by one of 36 numbers placed in general
microprocessor register 'C’. 3. A final possibility is in
direct calls to the appropriate routine in BIOS. This is
useful when a desired I/O function is notimplemented
in BDOS. An example of this is console input. In CP/M
1.4 and earlier versions, any input via a console input
system call will cause the data to be transmitted back
to the screen. In order to eliminate this character
echo, one merely needs to call the fourth jump vector,
console input, of the BIOS jump table. One
disadvantage to this procedure is that the calls from
the user program must be done in a manner that is
compatible with different sized CP/M systems. See
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Intro to CP/M cont’d...

listing 1 for an example of how this can be
accomplished. Afinal note; additional routines may be
added to BIOS, butjump vectors must be placed at the
end of the jump table so that its continuity is notupset.

Besides the above routines, various implemen-
tations may have areas for temporary storage or data
buffering. In CP/M 2.0 and later versions, areas of
BIOS are reserved for disk information. Each disk unit
in the system has a disk parameter block and a sector
translation table stored in BIOS. This gives the
operating system the ability to handle diferent types
of mass storage units. The disk parameter block
contains information such as disk size, sector size,
sectors per track, etc. The sector translation table is
used to determine sector skew. These areas are used
by BDOS to calculate physical sector locations from
logical file information. Also, BIOS contains a buffer
area for directory operations. These topics will be
discussed at length in BIOS - PART Il.

At this point 1 will go into more depth on the CP/M
memory map. This information is important in under-
standing some of the parameters influencing the
location and size of the BIOS. It will also serve to
introduce material that will be expanded in the article
dealing with system alteration. The following table
shows the size and relative locations in a minimal-size
CP/M memory map.

MODULE SECTORS STARTING SIZE IN BYTES
ADDRESS
{Map of 16K CP/M 1.4 System}

- O0OH 100H = 256
TPA -~ 100H 2800H = 10240
ccp 16 2900H 800H = 2048
BDOS 26 3100H ODOOH = 3328
BIOS 4 3EOOH 200H = 512
Totals 46 4000H = 16384
IMap of 20K CP/M 2.0 System)}
- 00H  100H = 56
TPA - 100H 3300H = 13056
CcP 16 3400H 800H = 2048
BDOS 28 3COOH EOOH = 3584
BIOS 7 4A00H 380H = 896
Totals 51 4C80H = 19840

The minimal memory size configuration available
in CP/Mis 16K in 1.4 and earlier versions and 20K in
CP/M 2.0 and later versions. For larger size-
configurations, the CCP and BDOS have to be
relocated using MOVCPM, while BIOS and the COLD
START LOADER have to modified and reassembled to
the new system memory size. Although the CCP,
BDOS, and BIOS remain in the same relative
locations, the TPAis either expanded or contracted to
fill out added or deleted space in various sized
systems. In the tables, the TPA begins at 100H and is
either 2800H or 3300H long depending on version.
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Adding 100H to either of these values gives the
staring point of the CCP: 2900H in 1.4 and 3400H in
2.0. To calculate where the CCP would start in other
sized systems, simply use the following formula:

FCCP Start (CBASE) = TPA size + (BIAS * 400H)
where: BIAS = Memory size - Minimal configuration
lin K bytes}
400H = 1024 or 1K bytes

BIAS is actually the number of 1K segments that
the memory is greater than the minimal configuration.
The following equations should clarify this material.

For a 24K 1.4 System:

BIAS = 24K-16K=8K
CCP START = 2900H + (8*400H) = 2900H +
2000H = 4900H

For a 62K 2.0 System:

BIAS = 62K - 20K = 42K
CCP START = 3400H + (42*400H) = 3400H +
A800H = DCOOH

To calculate the location of BIOS simply add the
combined size of BDOS + CCP to the CCP starting
location. The following tables give the CCP and BIOS
starting points for various systems.

16K 0 2900H 3EOCH

17K 1 2D0O0H 4200H

18K 2 3100H 4600H

19K 3 3500H 4A00H

20K 4 3900H 4EOOH : 0 3400H 4A00H
21K 5 3D00H 5200H : 1 3800H 4EOOH
22K 6 4100H 5600H : 2 3A00H 5200H
23K 7 4500H 5A00H : 3 3EOOH 5800H
24K 8 4900H 5EOO0H : 4 4400H 5A00H
28K 12 5900H G6EOOH : 8 5400H B6A00H
32K 16 6900H 7EOOH : 12 6400H 7AO00H
40K 24 8900H 9QEOOH : 20 8400H 9AO00H
48K 32 AQ00H BEOOH : 28 A400H BAOOH
56K 40 C900H DEOOH : 36 C400H DAOOH
64K 48 ESO0H FEOOH : 44 E400H FAOQOH

A problem can arise when dealing with different
implementations of BIOS. Notice that ina 1.4 system
there are only 512 bytes of memory, xEOOH-xFFFH,
available for BIOS. Since most BIOS modules will be
larger in size, especially when long drivers such as
video routines are added, certain functions will have
to be placed in ROM and then called from BIOS. Since
the system diskette has atotal of 9 sectors available --
the total number on tracks 0 and 1 minus the total
needed by the COLD START Loader, CCP,and BDOS
--BlOS canbeatotalof9* 128 or 1152 bytes long. To
build a working system, BIOS could start at location
xAQOH. To do this, the system would be built one K
smaller than avaialble memory. For example, for a
system with 24K of available memory, a 23k CP/M
system would be built using the MOVCPM utility, and
BIOS and the COLD START LOADER would be
reassembled for the proper CCP, BDOS, and BIOS
starting points. To complete the modification, the
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number of sectors read by the COLD START LOADER
and the WARM BOOT routine in BIOS would have to be
adjusted. Often , distributors of CP/M systems may
alter MOVCPM so that this 1K offset is handled
automatically. Problems arise when a BIOS that has
been built for the standard MOVCPM is added to one
of these systems. The easiest solution to the problem
is to simply build system a 1K smaller, and then
proceed with the modification of CP/M in the normal
manner.

in CP/M 2.0, the limitation is not in system
memory size but in disk space. There are only 7
sectors (380H bytes) available on a single-density 8-
inch disk for BIOS, and although this is enough
storage for a minimal BIOS, any additions will quickly
overflow this space. One way to get around the
problemistoplaceallbufferand scratch RAM areas at
the end of BIOS. Thus only permanent code need be
loaded. If certain RAM locations need to be initialized,
thenroutines will have tobe placedinthe COLD BOOT
module of BIOS to accomplish this. This solution
could also make the permanent code larger than 7
sectors. Another option is the placing of certain
routines in ROM. The easiest and most common
method would be to place the ROM in the last area of
memory, usually FOOOH or F800H. Since most
routines will need stack space and scratch areas, itis
wise to have RAM located in this area also. Some of
the newer ROM boards have space for RAM, but if this
option isn't available, then space will have to be
reserved in an area outside the bounds of CP/M in
system memory. A problem with this configuration is
that any time system memory is added and/or CP/Mis
enlarged, the ROM may have to be erased and
reburned if it is an EPROM; or a brand new ROM
purchased if it is not. There are ways of computing
locations using elaborate routines in software, but the
easiestwayis the one usinga ROM/RAM board. Note:
the Z80 and the new 16 bit microprocessors (Z8000,
8086, 68000) do provide relative and indexed
addressing schemes that would help circumvent this
problem.

Another solution is in configuring the system so
that there are more than 2 system tracks. This can be
done easily in CP/M 2.0 by using the DISKDEF.LIB file
and the CP/M MACRO Assembler. [ will discuss thisin
BIOS-PART Il. A problem with this is that software
supplied from other sources may not be compatible
with the modified system. To solve this problem,
having a logical device that can read standard
diskettes could be implemented in BIOS. As an
example, in a two-drive system, devices A: and B:
could be interfaced to drives 0 and 1 with their
configuration being the one most commonly used in
the system. Logical device C:, on the other hand,
could be set to access drive 1 with its configuration
being different than A: and B:. Using PIP, software
could then be transferred between A: and C..

A final method would be to have a minimal BIOS
stored on the system tracks with an expanded BIOS
stored as a file. Upon COLD START, this file could be
ovelaid in memory either manually or automatically.
CP/M 1.4 and 2.0 can be modified so that a file is
loaded and executed upon COLD BOOT. | will discuss
this option in the article on system calls.

S-100 MICROSYSTEMS

BIOS - Modules

The following discussion decribes the
parameters of non-disk I/O modules in depth.

CONSOLE STATUS: Upon return from this
routine, the value 00 in register 'A’ indicates that no
character has been input at the console device; OFFH
indicates a character has been input.

CONSOLE INPUT: Upon return, register "A’ will
contain an input character. The most significant bit
(parity bit) should be reset to zero. This is
accomplished most easily with the operation ANI 7FH.
Routines may be added to convert characters to
different values. For example: delete (7FH)
backspace (08H).

CONSOLE OUTPUT: Upon entry, register 'C’
contains the character to be printed. The "A’ register
will be changed except where Z80 instructions are
used. Routines may be placed to control output.

READER: Same parameters as CONSOLE
INPUT. May be modified to function with other devices
such as modems for telephone communication.

PUNCH: Same parameters as CONSOLE
OUTPUT.

LIST: Same parameters as CONSOLE OUTPUT.
Routines can be added to control printer paging to or
route (SPOOL) data to a disk file.

LIST STATUS: Same as CONSOLE STATUS.
Used with SPOOL or DESPOOL programs.

Programmed I/O

Martin Nichols' BIOS serves as an excellent
example of how to implement the above routines. In all
cases, there are four possible ways of programming
these routines. The most common and easiest
approach is polled 1/0. In this method, /O is
accomplished only when the routines are called. In
order for each routine to operate properly, status has
to be checked for each device, with program loops
being used to force the computer to wait until the
device is ready for I/O. In other words, the routine
polls the 1/O device’s status register to determine
when it is ready to send or receive data. In most
commercially prepared BIOS's, options that can be
selected at assembly time are given for various
boards. If a board is not covered, then then the user
must program into the appropriate routine the location
and the logic of the status register and the location of
the DATA register. A BIOS routine that allows no /O
usually indicates an error in port location. A quick
stream of characters with only one input or output
usually implies improper status logic or bit location.
The following routine shows how to program an I/O

port:

CONOT ¢ FCONSOLE OUT ROUTINE
IN 00 s INFUT STATUS FROM FORT ©
ANI 02 3CHECK BIT BY ANDING “‘A° WITH 0000 0001E
JZ CONDT iIF ‘A’ REGISTER WAS 0000 0000E THEN LOOF

FIF NOT GO ON (JZ MEANS JUMF IF ZERO) |

MOV  AsC iFUT CHARACTER IN ‘A’ REGISTER
ouT 01 FOUTPUT CHARACTER IN ‘A’ TO FORT 1
RET FRETURN TO THE CALLING PROGRAM

In this routine, the logic is positive because the
status bit must go from 0 to 1 to indicate that the
device is ready. Negative logic is that case where the
bit changes in a negative direction (1 to 0). In a
negative logic system, the third instruction would be
JNZ (JUMP if not zero).
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A second method is memory mapped-I/O. This
technique is almostidentical to polled I/O except that
memory access instructions are used instead of
inputs and outputs. Although programming using this
method can be quite efficient, a majordisadvantageis
that I/0 ports use system memory space. An example
of a memory mapped I/O scheme is the keyboard of
the Radio Shack TRS-80 microcomputer.

Interrupts

Another method is interrupt-driven 1/O. In this
case, when a device is ready to perform /O, it
interrupts the computer from its current task so that it
(the computer) can perform the operation. This
eliminates the need for the computer to sit and wait
while it checks status via a loop as in the above
example. Also, interrupts can be used to control
program execution. Suppose that you have written a
program that outputs integers to the screen. If it is
written as an infinite loop, then the only way to halt
execution may be a system reset. If, as a part of an
interrupt-driven 1/O routine, input is checked for a
certain character such as ESCape (1BH), program
execution could be broken by pressing the
appropriate key. One of the main uses of the
CONSOLE STATUS routine is for the same type of
function.

The main problem with interrupts are that they are
much harder to implement than polled I/O. This is true
forboth hardware and software. Tounderstand whatis
involved, | will devote a bit of discussion to the
hardware and software interfacing of the Intel 8080
microproccesor. | suggest consulting the Intel 8080
Users manual and the articles on the proposed IEEE
S-100 standard that are listed under the reference
section at the end of this article for diagrams, timing
charts, and descriptions.

Before an interrupt can occur, the 8080 must be
"software- initialized’” (instruction is part of a
program) using the ENABLE INTERRUPT (EI - FBH)
instruction. Upon initialization, a flag inside the 8080
is set to indicate that interrupts are enabled. To
interruptthe computer, the I/Qinterface logic pulls pin
14 high on the 8080. This pinis connectedto line 73 of
the S-100 bus, but it is interfaced so that the I/O
device has to pullitlow to cause aninterrupt. After this
occurs, the computer will finish its current instruction
and then service the interrupt. The Iinterrupting
hardware provides the next machine instruction
instead of program memory as pointed to by the 'PC’
(program counter) which normally is the case. This is
accomplished via an 8080 status signal that indicates
aninterruptreadinstead ofamemoryread. This signal
is supplied by S-100 line 96, as opposed to line 47,
which indicates a memory read.

Although any instruction may be supplied, the
usual procedure is to use one of the 8 RST (restart)
instructions. These instructions have two effects.
First, they all cause the value of the 'PC’to be saved on
the processor stack with the usual update of register
'SP’ (the stack pointer), as is the case with a CALL
instruction. Then, depending on the instruction, the
program will jump to one of 8 locations: 0, 08H, 10H,
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18H, 20H, 28H, 30H, 38H. With CP/M, three of these
locations cannot be used. Location 00, which is
restarted by instuction RST 00 - C7H, is reserved for
the warmboot jump vector, as discussed in Article 3 of
this series. Location 30H, RST 6 - F7H, is the first
location of an 8-byte block reserved for future use by
Digital Research. Finally, location 38H, RST 7- FFH, is
used by utility programs such as DDT to controland/or
monitor program execution. By placing a RST 7
instruction in place of another instruction and saving
the replaced instruction and its location, a program
can be run using the computer itself to execute the
program up to the instruction. At that time the
computer breaks out of the program and control
returns to the utility, which may or may not return the
initially changed instructions to the program. In DDT,
two RST 7 instructions may be placed in the program
at one time and are called "breakpoints’.

Although the RST instruction may be supplied by
the 1/O port interface, often a separate interface
board will be used to supply the instruction. The 1I/Q
port will request an interrupt via one of 8 VECTOR
INTERRUPT pins on the $-100 bus, pins 4-11. When
activated, the vector interrupt interface will generate
an interrupt through S-100 line 73 and then place the
RST instruction on the data bus at the appropriate
time. The CPU will indicate when it is ready for this
transfer via line 96; this line is used in place of line 47,
which indicates a memory read. Each vector interrupt
pin corresponds to a specific RST instruction with pin
4referringtoRSTO, pin5-RST 1andsoon. The vector
interrupt interface may also contain a priority
encoder. This device allows the user to set up
different priorities for vector interrupts. While an
interrupt is being serviced, other requests may occur
in systems with more than one interrupt-driven device.
When the time comes, the device with the highest
priority will be serviced next. In a system with more
than one device, this facility is necesary to prevent
timing errors. Inmy nextarticle, Iwillinclude adiagram
of a vector interrupt interface that | built to use
interrupts with my serial 1/O board.

Since the restart instruction saves the program
counter, which is set to the next instruction of the
interrupted program, a simple return at the end of the
interrupt service routine will allow the program to
resume where it left off. Of course, all CPU registers
altered by the service routine have to be returned to
their state prior to the interrupt. This is best done with
PUSH and POP instructions. After the interrupt, the
internal flag that enabled the CPU to accept an
interrupt, as mentioned above is reset to zero. Thus,
the interrupt service routine must reset the flag to 1
using the El (enable interrupt) instruction. Where this
instruction is placed is important. If it is placed at the
beginning of the routine, thenitis possible that nested
interrupts could occur. In other words, an interrupt
service routine could be interrupted, which also could
beinterrupted, and so on. If the Elinstructionis placed
at the very end of the routine, then a new interrupt will
not be serviced until the prior routine is completed.
Interrupts must be disabled during CPU controlled
data transfers that must be continued to completion.
In most CP/M systems, this is during the SECTOR
READ or SECTOR WRITE routines when using polled
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I/O boards such as the Tarbell single-density
controller. If the disk controller has a data buffer (an
area to hold data) then interrupts will not cause
problems.

Direct Memory Access

The first three I/O methods are commonly termed
programmed I/O techniques as distinguished from the
fourth, DMA (Direct Memory Access). When S-100 line
74 is pulled low, 8080 pin 13 is pulled high. This
causes the CPU to enter a HOLD state. During this
time, the CPU relinquishes control of the computer
address buss (group of lines used to transfer address
information) and data bus. The 1/O device then can
directly transfer information to and from memory at
much greater speed than is possible when the CPU is
involved during standard programmed 1/O. There are
two general ways in which DMA can be implemented.
In the first, the calling routine loads certain registers
of the device with data such as sector, track, or DMA
address, etc., and then issues a data transfer
command. Inthe second method, anareaof memoryis
loaded with this information, and the DMA controller
reads this area during a DMA sequence. | will give
more information on this in BIOS-PART Il. While in a
HOLD state, the 8080 CPU will not honor interrupts;
thus, interrupt-driven 1/O routines will not conflict with
DMA routines. An example of a non-disk device that
may use DMA is a video board that uses system
memory for its refresh memory as is the case with the
Processor Technology VDM-1 video board.

Sample Routines

I will now give a general outline on how to
implement interrupts in CP/M. The examples that | will
use will be based on the MITS 2SI0 board set up at
portlocation 10H with interrupt vector 1 (RST 1 will be
used). Port 10H is the status portand 11H is the DATA
port. Listing 2 shows is a simple output routine using
interrupts, as opposedto polled I/0, as demonstrated
in the above example. This could drive a printer or a
terminal. The main difficulty with output versus input is
that the I/O device interrupts the computer as soon as
the current operation is completed, and thus could
place the system in a infinite loop between the main
program and the interrupt service routine. To avoid
this problem, the 1/O port’'s output interrupt is
disengaged until data is ready to be printed. Since all
disk I/0O routines must have DI and El commands, the
DI command would not work to disable the interrupts.
A way of getting around this would be to use an
interrupt status byte in memory, which would be
checked at the end of each disk 1/O to determine
whether interrupts should be enabled using the El
command. If input interrupts are to be allowed,
however, then this scheme would not work.

In practice, this output routine is no more efficient
than polled 1/O. Studying the routine will show that
there is a built- in wait period when the computer is
ready to output information but the I/O device is not
ready. Memory buffers can be written into the 1/O
routine to greatly improve its efficiency. Listing 3
shows an input routine with a buffer. In this example,
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the interrupts will be disabled once the buffer is full.
Thus, any data input after this state occurs will be lost
until the buffer is emptied. Although there are many
ways to implement a buffer management scheme, |
chose to demonstrate a circular buffer using three
counters and two pointers. POINT1 is the location
where each byte is stored in the buffer as it is input
fromthe I/O device. POINT2 isthe location where data
is read from the buffer to the main program. POS1 and
POS2 are used to keep track of each pointer’s
position in the buffer. When the counterreaches zero
(the pointeris at the end of the buffer) the pointeris set
to the beginning of the buffer, and the counter is
loaded with the length of the buffer in bytes. Thus the
pointers move through the bufferin an endless circle.

The counter labeled COUNT represents the
current amount of data waiting to be read by the
computer, and is the space in number of bytes
between pointers 1 and 2. When datais input from the
I/O device, COUNT is incremented, and when data is
read by the main program, itis decremented. COUNT
is also used by the INSTAT routine to indicate to a
main program when data is ready to be read. Another
scheme would be to use comparison routines to
indicate buffer placement and status but, in
experimentation, | found these to be much longer and
less efficient in terms of processing time than the
method used here. Finally, listing 3 contains
additional routines and was taken directly from a
working BIOS that | have been using.

Character Traps

Atechnigue that proves quite useful is character-
trapping. By using 8080 CP| (compare immediate)
instructions in drivers, certain characters can initiate
special routines that will implement a user-defined
function. Inlisting 3, | have placed two character traps
that have provenvery useful extentions tonormal CCP
and/or BDOS operation. By pressing the ESC key
(Escape - ASCIlI 1BH) on my terminal, the interrupt
service routine branches to a routine that awaits a
second character from the terminal. In this example |
have implemented just two functions, but an unlimited
number could be added (with the amount of memory
space available for BIOS being the only restriction).
The ESC-P sequence enables output to both the
console device and the list device. This is similar to
the cntr-P function of CP/M, but in this case printing
can be enabled or disabled in all situations and is not
disabled automatically after WARM boots (cntr-C). A
variation on this would be to enable other printers that
have 1/0 drivers in BIOS. Thus, high-speed dot matrix
printers versus slower wordprocessing printers could
be switched on or off quite easily during execution of
programs such.as Microsoft BASIC-80 that allow only
one list device. The second function, ESC-C, is
virtually the same as cntr-C except that a warm boot
can be performed at any time unless BIOS has been
altered or interrupts disabled. This function is
especially useful when a program ""hangs-up’ or the
user wishes to terminate program execution and
contr-C does not work.. Since warm boots do not
change the TPA (transient program area), ESC-C can
be used instead of system reset, which does destroy
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the TPA. Thus, ESC-C can be performed, and the TPA
can be saved on disk. Care should be used when
implementing a function such as this during disk I/O to
prevent data loss. Although the ESC-P function may
be used in polled I/O routines, ESC-C will not work if
I/0 does not occur after a program bombs.

A final technique that can be implemented via
character traps is character conversion. One
interfacing project that my consulting associate and |
had was to interface a word processing printer to S-
100 hardware and CP/M software. This printer uses
escape sequences similar to ones implemented
above to initialize a wide variety of features such as
underlining, reverse print, and boldface (double
strike). In order to initialize these functions, |
incorporated a trap in the output routine to convert a
printing character such as "} (ASCIl 7DH) to an ESC
(ASCII 1BH). In the following example, ESC-A causes
the printer to boldface print and ESC-B causes it to
print normally.

DISPLAY AT TERIMINAL:
Now is the JAtime}B for all...

OUTPUT TO PRINTER
Now is the (ESC A)time(ESC B) for all...

PRINT-QUT
Now is the time for all...

When writing routines such as these, care must
be usedin selectingtrap characters. Since traps often
filter characters out of the data input stream, trapped
data must not be important to application programs.
Forexample, ESC isused by the "MICROSOFT Basic-
80" line editor.

Afinal example of character trapping is Listing 4.
This partial listing shows how to implement back
space character deletion in a 1.4 BIOS. This will
emulate the backspace option of CP/M 2.0.

The IOBYTE

Whenimplementedinthe BIOS, the Intel standard
I/O byte function can be used to convert logical
devices to specific physical devices. As an example,
the console device could be a CRT terminal, a video
board with separate keyboard, a printing terminal with
keyboard input, or an acoustic coupler that would
allow aremote terminal be the console device over the
telephone lines. Althoughit is the responsibility of the
BIOS todirect /O toaphysical device, the STAT utility
or an application program can be used to modify
device assignments if the BIOS is programmed to
handle such functions. Location 3 of system memory
is reserved for a software register labeled IOBYTE
which indicates which physical device is to be
assigned to a logical device. CP/M recognizes four
logical devices:

1: CON: Console The device used by the CCP
2: LST: List The printer or hardcopy device
3: RDR: Reader Paper tape reader

4: PUN: Punch Paper tape punch
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When BDOS directs I/O to one of these logical
devices, it does so by calling a location in the BIOS
vector jump table described above. The table below
shows the link between logical and physical device
drivers.

LOGICAL DEVICE VECTOR JUMP TABLE

1: CON: 3: CONSOLE STATUS
4: CONSOLE INPUT
5: CONSQLE OQUTPUT

2:L5T: 6: LIST OUTPUT

3: RDR: 8: READER

4: PUN: 7: PUNCH

The IOBYTE is divided into four 2-bit segments.
Each segment refers to one of the logical devices
listed above. Information about physical assignments
are placed in each segment in the form of binary
numbers. Thus each segment can represent four
different assignments. Below is a diagram of the
IOBYTE showing the positional relationships of
logical status information.

khkhkhkhkhkkhhkhhhhkhhkkhkkhhkhhhkhhdhihk

* LST: * PUN: * RDR: * CON: *

Thkkhkkkkhkkkhkhhkhkhkhkkhkhkhkhrhkkhkhhk

bit76543210

The following information is the Intel standard
logical to physical conversion for the four numbers
stored in each segment. The user may or may not
follow this standard in BIOS, but the numbers are
stored in this manner when using the STAT utility to
modify the IOBYTE.

1. CON: 0.TTY
1. CRT
2. BAT - Batch mode
3. UC1 - User-defined console
2. RDR: 0.TTY
1. PTR - High-speed reader
2. UR1 - User-defined reader 1
3. UR2 - User-defined reader 2
3. PUN: O.TTY
1. PTP - High-speed punch
2. UP1 - User-defined punch
3. UP2 - User-defined punch
0.TTY
1. CRT
2. LPT - Line printer
3. UL1 - User-defined list

4. LST:

In the above list, CRT corresponds to Cathode
Ray Terminal. TTY refers to ASR (automatic
send/receive) printing terminals. These terminals
generally have a built-in paper tape reader/punch and
run at very siow speed (11 characters per second).
Thus the paper tape device is referred to as a slow
readeror slow punch. In contrasttothe TTY punch, the
fastreader or punch is a separate device that can run
at relatively high speeds. For example, DIGITAL
EQUIPMENT'S PC11 reader/punch will read at 300
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cps and punch at 50 cps. Line printers are usually
devices dedicated to hard copy (in contrast to TTYs)
and have speeds that range from 30 cps to beyond
180 cps. | have used 180 cps as a general limit
because true line printers which print a wholeline ata
time (as opposed to character printers which do one
character at a time) are really not practical for small
systems. Although fast, line printers are quite large,
use vast amounts of power, are expensive, and
require a great deal of hardware and software
interfacing.

Not all of these devices need be written into a
BIOS. The following approach gives the most efficient
use of space and processor time when writing
IOBYTE-directed routines:

1. Write a set of drivers (input, output, input status)
for each physical device to be accessed by the
system.

2: Avoid including drivers that are not needed.

3: Write a linkage routine that reads and translates
IOBYTE information for each position needed in
the vector jump table.

4: If possible place these routines in ROM (Read
Only Memory) with its own vector jump table to
facilitate programming.

If this plan is followed, redundancy will be
eliminated and system generation (as when updating
or changing software) will be simplified. Hardware will
tend to remain static, whereas software goes through
a constant evolutionary process. Listing 5 gives an
example of how to write a set of linkage routines for

TERMINALS FROM TRANSNET

PURCHASE | 12-24 MONTH FULL| 36 MONTH
PLAN OWNERSHIP PLAN [LEASE PLAN

PURCHASE PER MONTH

DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS.
LA36 DECwriter I ......... $1,695 $162 $ 90 $ 61
LA34 DECwriter IV ......... 1,095 105 59 40
LA34 DECwriter IV Forms Ctrl. 1,295 124 69 47
LA120 DECwriter Il KSR ... 2,495 239 140 90
LA180 DECprinter | ........ 2,005 200 117 75
VT100 CRT DECscope ...... 1,895 182 101 68
VT132 CRT DECscope ...... 2,295 220 122 83
DT80/1 DATAMEDIACRT ... 1,995 191 106 72
TI745 Portable Terminal .... 1,595 153 85 57

TI765 Bubble Memory Terminal 2,595 243 146 94
TI810 RO Printer .......... 1,

TI820 KSR Printer ......... 2,195 210 117 79
_T1825 KSR Printer ......... 1,595 153 85 57
ADM3A CRT Terminal ...... 875 84 47 32
ADM31 CRT Terminal ...... 1,450 139 78 53
ADM42 CRT Terminal ...... 2,195 210 117 79

QUME Letter Quality KSR ... 3,295 316 176 119
'QUME Letter Quality RO .... 2.895 278 155 105
HAZELTINE 1420 CRT ... ... 945 91 51 34
HAZELTINE 1500 CRT ...... 1195 115 64 43
HAZELTINE 1552 CRT ...... 1,295 124 69 47

Hewlett-Packard 2621A CRT . 1,495 144 80 54
Hewlett-Packard 2621P CRT . 2,650 254 142 96
FULL OWNERSHIP AFTER 12 OR 24 MONTHS
10% PURCHASE OPTION AFTER 36 MONTHS
ACCESSORIES AND PERIPHERAL EQUIPMENT

ACQUSTIC COUPLERS » MODEMS  THERMAL PAPER
RIBBONS o INTERFACE MODULES » FLOPPY DISK UNITS

PROMPT DELIVERY ¢ EFFICIENT SERVICE

B‘ T RANSINET corrorarion

1945 ROUTE 22
UNION, N.J. 07083

201-688-7800

TWX 710-985-5485
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the console device. As a final note, reviewing the
sections on STAT.COM and PIP.COM in the CP/M
documentation will give further insight into the use of
IOBYTE.

The next article in this series will deal with disk
functions found in a standard BIOS. Material on CP/M
file organization will be given as an extension of
information introduced in Article Il of this series.
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microcomputer
people®
THE VITAL
computermart [NGREDIENT:
of new jersey

EXPERTISE

Before you buy your new
microcomputer, chances are
you have a lot of questions.
Important questions that
could mean the difference
between a working system
and a wasted system. The
vital ingredient is expertise.
The microcomputer people at
Computer Mart are expert at
answering your questions
and helping you put together
the best system for your
application. Whether it's for
business, the home, or the
laboratory; come see the
experts at Computer Mart

of New Jersey. We have the
vital ingredient.

Computer Mart of New Jersey
501 Route 27
Iselin, N.J. 08830
(201) 283-0600

HOURS:
Openat 10 am,
Tuesday through Saturday
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0100
0103
0106
0108
010k
010C
010F

o112

0115
0118
0119

H

310001
Ch1201
FEO3
CADDOO
aF
CD1AOL
C30301

2A0100

110400
19
E9

FRAOKOKNOKKOIOKOK KKK
Pi¥ LISTING 1 %
#RAOCKOKKORRKOR KKK

FTHIS FROGRAM DEMONSTRATES WRITING CALLS TO RIOS
F1/0 ROUTINESG THAT WILL WORK IN ANY SIZED CF/7M SYSBTEM
SWITHOUT MODIFICATION.

FTHE TECHNIQUE USED IS TO COMPUTE THE LOCATION OF THE
FRIOS VECTOR JUMF TABLE USING THE WARM BOOT AIDRESS
FFOUND AT LOCATION Oly AND THEN COMPUTE

FTHE ACTUAL LOCATION OF JUMF VECTOR USING OFFSETS

G

STHE FOLLDWING TARLE GIVES THE RELATIVE FOSITIONS OF THE
PRIOS VECTOR JUMP TABLE BASED ON THE WARM BOOT ADDRESS

WARM EQU 00
COLD E QLU WARM-3  SCOLD BOOT ADDRESS
CONST EQU WARM+3  FCONSOLE STATUS
CONIN EQU CONST+3 §CONSOLE INFUT
CONOT EQU CONINES sCONSOLE QUTRUT
LIST EQU CONOTH3 FLIST

FUNCH EQU LIST+3  SPAFER TAFE FUNCH
READER EQU FUNCH+3 FFAFER TAFE READER

iWARM ROOT

HOME. EQU READER+3FHOME DISK
SELECT  EQU HOME43  $SE DISK DRIVE
SETRK EQU SELECT+3#S CK
SETSEC  EQU RR+3 FSET SECTOR

SECH+338ET DMA ADDRESS
ETOMAL3 FREAD ON SECTOR

SETDMA  EQU
REAL EQU

WRITE EQL READ+3  FWRITE ONE SECTOR

WBOOT EQU 01 FLOCATION OF WaRM BOOT JUMF

TFA EQU 100H FREGINNING OF TRANSIENT FROGRAM AREA
ORG TFA FLOCATION IS BEGINNING OF TRA

FTHIS FROGRAM INFUTS & CHARACTER FROM THE KEYBOARD
FTHEN SENDS IT TO THE LIST DEVICE. NO PRINTOUT WILL
SAFFEAR ON THE CRT SCREEN.

START?
LXI SFyTFA  FSET STACK FOINTER
CALL INCHR SGET A CHARACTER
CHI 03 18 CHARACTER CNTR--C
JZ Q0 FIF 80 DO A WARM EOOT
MOV CvAr FRIOS EXFECTS CHARACTER IN C
CalL FRNCHR  $FRINT THE CHARACTER
JMF STARTH3 $LOOF AVOIDING FIRST INSTRUCTION
i
FROUTINE TO COMFUTE LOCATION OF INFUT VECTOR JUMF

FAND THEN BRANCH TO IT
INCHR S

FLOAD THE Hyl. REGISTER WITH WARM ROOT
FADDRESS IN RIOS VECTOR JUMF TARLE

LXI T CONIN 3L.0OAD DyE WITH FOSITION OFFSET

naD n SCOMPUTE LOCATION RBY ADDING Dk TO Myl
FrCHI. F$FILACE CONTENTS OF Hel IN PROGRAM
FCOUNTER CAUSING A JUMF

LHLD WEOOT

011aA
011D
0120
0121

0122

0031

0011
0000
0001

0008
0008

0100

0100
0103
0104

0107
o108
010E
o1o0C
010F
0111
0113

260100
110C00
19
E?

HoH oW

C31401

3A2701
A7
C20001

3C
322701
79
322801
3E31
0300
ce

SROUTINE TO COMPUTE LOCATION OF LIST VECTOR JUMF AND 5
FTHEN BRANCH TO IT =
FRNCHR ©
—
LHLI WROOT FLOAD HsL WITH WARM BOOT ADDRESS ©
LXI OyLIST LOAD XsE WITH QFFSET (@)
AT o FCOMPUTE ADURESS o
FCHL. # BRANCH -~
ENI <
(9]
Q
3
-~
(=8
$AoRRRKKROR Ok HOKK *
ik LISTING 2 %
5 HORAKK KKK AR KK Kk

$THIS IS A DEMONSTRATION OF A VERY SIMPLE
FINTERRUFT DRIVEN QUTFUT ROUTINE. THE MEMOR
SLOCATION LARELED INTSTAT I8 USED INDICA
FWHETHER OR NOT A CHARACTER HAS BEEN FRINTED
FOURING AN INTERRUFT.

INTEN EQu 31H SRYTE USED TO INITIALIZE INTERRUFTS
JON L/0 FORT FOR QUTFUT ONLY
INTDIS EQU 11H SDISARLES INTERRUFTS ON FORT
CETAT EQU 00 FETATUS FORT
CnaTA EQU 01 s0ATA FORT
ORG 08H FLOACATION ENTERED AFTER RST 1
JMF INTSRV  FRRANCH TO INTERRUFT SERVICE ROUTINE
ORG 100H FUSED FOR DEMONSTRATION PURFOSES
CONOT 2
L.IiA INTSTAT #PUT INTERRUFT STATUS IN A
ANA A SBET FLAGH
JNZ CONOT FLOOF IF CHARACTER WAITING FOR
7 INTERRUFT
INR A FHET A TO 1

STA INTSTAT $SAVE CHARACTER READY FOR INTERRUFT

Moy A FGET CHARACTE

8TA BUTCHR  $SAVE CHARAC

MVI Ay INTEN JENARBLE INTERRUFTS AT FORT
ouT CETAT FINITIALIZE PORT

RET

FOUTFUT INTERRUFT SERVICE ROUTINE
JREGISTERS USED ARE SAVED TO FREVENT LOSS
FOF DATA NEEDED BY MAIN FROGRAM
FNOTE? THIS ROUTINE WOULD RE ENT
JFROM ONE OF THE 8 LOCATIONS RET
FTHE LOCATION IS DETERMINED BY THE
FON THE BUS BY THE I/0 PORT HARDWARE
FINTERRUFT .

N OO0 AND 36
DATA FLACED
DURING THE




INTSRV:

0114 F5 FUSH FSW JSAVE A AND STATUS FLAGS
0115 C5 FUSH E $SAVE EsC REGISTER FAIR
0116 342801 LDA OUTCHR  $GET CHARACTER
0119 D301 ouT CDATA  #PRINT IT
011R AF XFehy A JSET A TO 0
011C 322701 STA INTSTAT SRESET INTERRUFT STATUS
011F 3E11 MV I Ay INTDIS;GET INITIALIZATION BYTE
0121 D300 ouT CSTAT  §INITIALIZE FORT
0123 C1 FOF B PBET DATA BACK
0124 F1 FOF F&W SGET DATA BACK
0125 FE ET FENABLE INTERRUFTS
0126 C9 RET SRETURN TO MAIN PROGRAM
0127 00 INTSTATDE 00 SINTERRUFT STATUS
0128 00 DUTCHR?Y DB 00 §CHARACTER STORAGE

§RAAK IR A K

i LISTING 3 %

§ RKRAKK KK A KKK

JTHIS LISTING DEMONSTRATES INTERRUFT DRIVEN INFUT AND

sOUTFUT.
sRIOS AND

$ROUTINE ALLOUWS
FPRINTING ON LIST DEVICE OR FROGRAM TERMINATION - CF/M
FCNTR-C OFTION.

THESE ROUTINES WERE EXTRACTED FROM A WORKING
ARE ONLY MINIMALY COMMENTED. THE INFUT SERVICE

THE USER TO EMULATE CFP/M CNTR-F OFTION -

sTHE SERIAL BOARD USED IS THE MITS 2510 WHICH USES THE
$MOTORDLA 4850 ASYNCHRONOUS COMMUNICATIONS INTERFACE.
$THIS CHIF IS INTIALIZED BY OUTFUTING OBIH FOR INFUT AND
sOUTFUT INTERRUFPTSy 031H FOR OUTFUT ALONEy 91H FOR INFUT
FALONE» AND 11H

EQU

BUFLEN

FOR NO INTERRUFTS (POLLED T/0 MODE)

10H SDETERMINES SIZE OF INPUT BUFFER

]

FINTERUFT SERVICE ROUTINE

SCHECKES CSTAT TO FIND WHICH PORT» IN OR OUT
FINTERUFTED, IF

FIN

FIRST

SRVINT? FUSH

IN

ANIT
JNZ
JMF

§ CHECK CONSOLE
§

CONST?  LDA

ANA

CONST1: MVI

RZ
CMA
RET

BOTH AT SAME TIME WILL SERVICE

FSW
CSTAT  SGET CONSDLE STATUS
01 $CHECK FOR INFUT READY

INTSRV  3IF S0 GO FOR INFUT
OINTSRY FOTHERWISE GO FOR QUTFUT

INFUT STATUS.

COUNT FGET NUMEER OF CHARACTERS WAITING
¥ TO BE INFUT

A FHET FLAGS

A 00 FGET A = 0

FRETURN IF COUNT=0

FCOMPLEMENT Ay A=0FFH

¥
i READ A CHARACTER FROM CONSOLE.
L4
CONIN:
LA COUNT
ANA A
JZ CONIN sLOOF TILL INTERRUF
DCR A
STA COUNT
LHLD FOINT2 #PUT FOINTER 2 IN HsL
MOV EvM SGET CHARACTER
LIA FOS2
nCR A
Jz CONINZ
INX H
CONIN1: STA FO82
SHL.I FOINTZ2
EI
MOV AyE
ANI 7FH
RET

r
FTHIS ROUTINE SET FOINTER AND FOSITION TO
SBEGINNING OF BUFFER

¥

CONIN2: MVI Ay BUFLEN
LXI Hy BUFFER
JMF CONIN1

INTERUFT SERVICE ROUTINE

INTSRV: FUSH H

IN CDATA $GET DATA

ANI 7FH FSTRIF FARITY RIT

CPI 1BH FESC - ESCAPE

Jz ATTN

LHLI FOINTL FGET FOINTER

MOV MrA FSAVE CHARACTER

LIA COUNT JGET CHARACTERS

INR A FUFDATE COUNT

STA COUNT

LIA FOS1 JGET BUFFER FOSITION

DCR A sDECREMENT FOSITION

Jz INTSRV2

INX H FUFDATE FOINTER
INTSRV1ISTA FOS1

SHILLT FOINTL1 §SAVE IT
INTSRV3FOF H

FOF FSW

EI

RET
INTSRVZIMVI Ay BUFLEN

LXI Hy BUFFER

JHF INTSRV1

**p,lU0D W/dD O} osu|



FROUTINE TO CHECK FOR SFECIAL CONTROL CHARACTERS

ATTNG TN CHTAT _
ANT o1 § BRSO KRRA KK =
Jz ATTHN sl =~
Sz AT FH LIGTING 4 % S
IN CIATA RARAFAKAAA AR o
ANT 7FH -
cet e FWARM BOOT STHIS LISTING SHOWS AN EXAMPLE OF (]
4z 99 FTERMINATE SCHARACTER DELETION USING RACK
CrI F-r _ #FRINT TOGGLE JAND EARLIER SYSTEMS. THE MEMD : o
Sz INTSRYS ‘ SUELSTATy DELETION STATUS, IS U - T
Lba BRNECO SROUTINE TO DETERMINE WHEN T0 A CHARACTER =
5T PRNECO FTOBBLE AT O SFROM THE CONSOLE SCREEN, T JCENURE SHOULD ONLY FE Sa
BTA “RNEC s ) i I T o Ecii——— -
s ik SUSED WITH CRT DEVICES AS OFFOSED TO TTY‘S, o
g
{ WRITE A CHARICTER TO THE CONSOLE DEVICE. - T A . _
BTHIG 16 EX NTAL OQUTFUT INTERUPTEL ROUTINE 8812 - E;;?; Eﬁﬂ égng+l EE
¥
CONOT? :
L.IA ISTAT 0100 ORG 100H SUSED FOR DEMONSTATION FURFOSE
ANA A
SNz CONOT 0100 DE10 CONING  IN CSTAT  SGET STATUS
INR A 0102 E&01 ANT o1 }
STA ISTAT 0104 CAODOL Jz CONIN  §
MOY Al 0107 TE11 N COATA 3
ST OUTCHR 0109 E&67F ANT 07FH ' 0
MUT Ay OB1H 0108 FE7F CPI 7FH 5 TE/RUROUT
our CHTAT 0100 CO RNZ SRET IF NOT 80
RET 010E 3EFF MU AvOFFH  $GET DELETION IN FROGRE
0110 323401 STA DELSTAT $SAVE IT
DINTSRYS 0113 €9 RET
FUSH R’ CONOT:
LD OUTCHE
ouT COATA 0114 DE10 IN CETAT CPORT STATUS
MOY Crél 0116 E602 ANT 02 PSET FLAG
xR A 0118 CA1401 Jz CONOT  5LOOF T
STA ISTAT 011E 3A3A0L LI DELSTAT 56
MVI Ay 091H 011E A7 ANA A
ouT CHTAT O11F C224601 JNZ CONOTL
LIA PRNECO o122 79 MOY arC
ANT 01 0123 n311 ouT CIATA
CN LIST FRINTER 18 (OMs 0125 (9 RET
[ B
, o 0126 AF CONDTL: XRA A
EI 0127 323001 STA DELSTAT
RET 0124 0E0S MY T Cr08
0120 1401 CALL CONOT
ISTAT: DR 00 012F OE20 MUT Cy20H
OUTCHR: DR 00 i CHARACTER FROM
FRNECO: TR 00 $1=FRINTER ONs 0131 Ch1401 catl CONOT  FPRINT 17
0134 OE08 MY T Cs 08 SGET BACKSFACE
. 0136 CIlaol CalL.L CONOT FERINT IT
COUNT DR 0139 9 RET
FOINTL DU
FOS1 UE 0138 00 DELSTAT{ IR 00 SFFH=RELETION, 00=ND DELETION
POINT2 T 013F C9 RET

FrOS2 DE
BUFFER DS




FCONST IS USED TO DETERMINE IF A CHARACTER IS READY
AT THE CONSOLE DEVICE. WHICH CONSQOLE DEVICE THAT I8 TE!

"'P,IUOD N/JD 0} oayj

§ AR KR KKK $16 DETERMINED BY 1/0 EYTE.
% LISTING 5 %
5 3ACROK SR SOk KR 0K CONST !
FTHIS SKELETON LISTING I8 A DEMONSTRATION OF HOW TO 4A14 3A0300 LnA TORYTE  FGET TOBRYTE
SEROGRAM @& BTOS WITH TOBYTE IMPLEMENTEI. 4017 E603 ANI 03 FCHECK CONSOLE. SEGMENT
FALTHOUGH THE ACTUAL DRIVERS ARE NOT LISTED. EACH ROUTINE IS - P AND STRIF OTHER SEGMENTS
SGUFPLIED 0 THAT THE READER CAN GET A L FOR HOW THE SYSTEM 4A19 CALB4A Sz TTYST ;EHELS TTI INFUT 8TATUS
SWORKS. THE VARIOUS DEVICES IN A HYPOTHETICAL SYSTEM COULD BE: 4A1C FEO1 CPL 01 PSET FLAGS
§ 4A1E CASE4A Jz CRTST SCHECK CRT INFUT STATUS
3 TTY ~ AN ASR TYFE TTY 4A21 FEOZ CHI 2 F8ET FLAGS
s CRT =~ 9800 BAUD TERMINAOL WITH DETACHAELE KEYEOARD 4423 CASGE4A Jz EATST  $CHECK BATCH INFUT STATUS
; BAT - A MODEM BOARD 4A26 C36EBAA JMF CRTST JCHECK USER 1 INFUT STATUS
; UCL = INFUT = FROM CRT DETACHABLE KEYROARD . ) R, AT .
H OUTFPUT - VIDEQ BOARD FOR HIGH SFEED WORDFROCESSING FROUTINE TO LIRECT FROGRAM TO INFUT ROUTINE
; LFT - 180 CFS DOT MATRIX NTER JSFECIFIED BY TORYTE
§ ULl = 4% CFS DAISYWHEEL FRINTER FOR WORDFROCESSING
FTHE LISTING ALS0D SHOW HOW TO COMFUTE THE STARTING FOINT CONTIN?
JOF BIOS GIVEN VERSTION AND MEMORY SIZE.
4429 3A0300 LIA IOBYTE $GET IORYTE
4A2C E603 AN 03 SCHECK CONS

P AND STRIF O
TTYIN FINFUT FROM TTY

0003 = I0BYTE EQU 03 SI0BYTE IS LOCATED AT LOCATION 3 4AZE CALP4A Sz i g
0014 = METZE  EQU 20 FUSER WOULL FILL THIS IN FOR SYSTEM 4A31 FEOL CrI 01 FRET Flogs
1600 = SYSTEM EQU BOOH+OEQOH;LENTH OF 2.0 CCF AND RBDOS Sacs Caclan =iz CREIN; rINEHT FROM CRY
0000 = RIAS  EQU MGIZE-203SET UF FOR CF/M 2.0 (SEE ARTICLE 4A36 FEOD LEZ 9 o M P ——
3400 = TFA EQU F400H  FTRA SIZE IN MINIMAL SYSTEM + 100H 4A3B CAGFAA Jz EATIN  FINPUT FROM BATCH DEV
4A3E C36C4A JHF CRTIN  $INFUT FOR USER 1 DEVIC
4600 ORG TRA+SYSTENS (BIASKA00H)
SROUTINE TO DIRECT FROGRAM TO CONSOLE QUTFUT ROUTINE
PAS SPECIFIED BY IORYTE.
SUECTOR JUMF TAELE FOR A 20K SYSTEM
CONOT?
4A00 C31244 JHF BOOT $COLD BOOT .
4A0% CI134H JHF WEOOT  3WARM BOOT 4A3E 3A0300 LIA IOBYTE $GET IOBYTE
4A06 (31444 JHF CONST  SCONSOLE INFUT STATUS 4h41l E603 AN 03 FCHECK CONSOLE SEGMENT
4K0Y CIRF4A JMF CONIN  SCONSOLE INPUT i AND STRIF OFF OTHERS
4A0C C3IEAA JHF CONOT  $CONSOLE OUT 4A43 CALA4A JZ TTYOT  #OUTFUT TO TTY
AHOF 035340 JME LIST FLIST DEVICE 3 4446 FEOL CFI 0l FOET FLAGS
4A48 CALDIAA Jz CRTOT  $0UTFUT TO CRT
STAELE CONTINUES ON FROM HERE AA4B FEOZ CrI 2 PSET FLAGS
444D CA704A Jz BATOT  $0UTFUT TO BATCH DEVICE
4AS0 C3I714A JHE UCI0T  OUTFUT TO USER 1 DEVICE
FCOLT BOOT ROUTINE WOULD GO HERE IN ACTUAL LISTING. D I I
PRET USED S0 THAT ASSEMBLER WILL WORK WITHOUT ERRORS. FROUTINE TO DIRECT FROGRAM TO LIST DRIVER AS SPECIFIED
SEY IOBYTE
4012 CY EOOTY:  RET SFOR DEMOD
LIST?
FWARM BOOT ROUTINE WOULL GO HERE IN ACTUAL LISTING -
4A53 340300 LUA IORYTE $GET IOBYTE
4813 €% WEOOT:  RET SFOR DEMO 4AS6 ESCO AN OLOH FCHECK LIST
i aND §T
4A58 CAGALA Jz TTYOT  $0UTFUT TO
AASE FEAO CRI 40H PSET FLABS
485D CALDIAA Jz CRTOT  30UTFUT TO TTY
4860 FEBO CFI BOH SSET FLAGS
4862 CA724A Jz LETOT  $0UTFUT TO LINE FRINTER

4A6G C3A734A JiE UL.10T FOUTFUT TO USER LIST DEVICE



AA68

A6

4A6A

4A6R

4A6C

4A61

ce

ce

cv

ce

ce

SACTUAL DEVICE DRYVERS WOULD RE FPLACED HERE. FOR DEMONSTRATION
SPURFOSESy RET INSTRUCTIONS ARE USED.

FRkkk TTY okkok
FROUTINE TO CHECK INFUT STATUS OF TTY
TTYST:
RET $FOR DEMO
SROUTINE TO INFUT FROM TTY
TTYING

RET FFOR DEMO

FROUTINE TO PRINT TO TTY
TTYOT:

RET iFOR DEMO
Pkkkk CRT ROUTINES dokk¥
FROUTINE TO CHECK CRT INFUT STATUS
CRTST

RET FFOR DEMO
FROUTINE TO INFUT FROM CRT
CRTIN?

RET s FOR DEMO
SROUTINE TO FRINT TO CRT
CRTOT $

RET FFOR DEMO

4A6E

4A6F

4470

4A71

4472

4A73

47874

ce

ce

ce

ce

ce

ce

PRk BATCH ROUTINES sokikok

FROUTINE TO CHECK MODEM INFUT STATUS
BATST

RET PiFOR TEMO

JROUTINE TO INFUT FROM MODEM
BATING

RET PFOR DEMO
FROUTINE TO PRINT TO MODEM
BATOTS

RET FFOR DEMO

PXkX USER CONSOLE 1 skdckx
PPRINTOUT TO VIDEDO CARD
uciorT:

RET FFOR DEMO

FRKKK LIST DEVICES dokiok
JOUT FUT TO A DOT MATRIX FRINTER
LFTOT?

RET JFOR DEMO
FOUTFUT TO DAISYWHEEL FRINTER
uL10T:

RET JFOR DIEMO

END

"P,jU0d W/dD 0} ol




R2 I/ o... The 5'100 ROMI
RAM & 1/0 Board

ELECTRONIC CONTROL TECHNOLOGY's R2l/O is an
S-100 Bus I/O Board with 3 Serial I/O Ports (UART's), 1
Parallel /O Port, 4 Status Ports, 2K of ROM with Monitor
Program and 2K of Static RAM. The R?l/O provides a conven-
ient means of interfacing several I/O devices, such as - CRT
terminals, line printers, modems or other devices, to an S-100
Bus Microcomputer or dedicated controller. It also provides for
convenient Microcomputer system control from a terminal
keyboard with the 8080 Apple ROM monitor containing 26
Executive Commands and I/O routines. It can be used in
dedicated control applications to produce a system with as few
as two boards, since the R?l/O contains ROM, RAM and I/O.
The standard configuration has the Monitor ROM located at
FOO0O Hex with the RAM at F800 Hex and the I/O occupies the
first block of 8 ports. Jumper areas provide flexibility to change
these locations, within reason, as well as allow the use of

*S-100 BUS e 3 Serial I/O Ports ROM's other than the 2708 (e.g. 2716 or similar 24 pin de-
e 2K ROM ¢ 1 Parallel I/O Port vices). Baud rates are individually selectable from 75 to 9600.
e 2K RAM e 4 Status Ports Voltage levels of the Serial I/O Ports are RS-232.

e ROM Monitor (Operating System)

8080 APPLE MONITOR

COMMANDS
R2/0 A —Assign 1/0 )
ROM, RAM & I/O B —Branch to user routine A-Z
G —Undefined
! SEHIA . D -Display memory on console in Hex
UART i B . E —End of file tag for Hex dumps
E St F —Fill memory with a constant
STATUS G -GOTO an address with breakpoints
e : . H—Hex math sum & difference
et o ihinh | —User defined
UART § i - J —Non-destructive memory test
g 4D - K -User defined
STATUS ; L —Load a binary format file
. “RERAL M —Move memary block to another
UART ” : A address
oot ' | N -Nulls leader/trailer
MONITOR STATUS ] | | 0-User defmr_ed
(OPERATING . P —Put ASCII into memary
SYSTEM) _s BIT LATCH e Q _glcl)m \1/!)0 pons:DQI (N)-read 1/0;
CRIT LATCH | : \V)-send I/
s : - . R —Read a Hex file with checksum
e STATUS } o 5 -Substitute/examine memory in Hex
. - T -Types the contents of memory in

ASCII equivalent
U —Unload memory in Binary format
V —Verify memory block against another
memory block
W —Write a checksummed Hex file
X —Examine/modify CPU registers
Y —*Yes there' search for ‘N’ Bytes
in memory
Z —'Z END’ address of last R/'W memory
location

Specializing in Quality Microcomputer Hardware
Building Blocks for Microcomputer Systems, Control and Test Equipment
Card Cages, Power Supplies, Mainframes, CPU’s, Memory, I/O

ELECTRONIC CONTROL TEGHNOLOGY  (201) 688-8080

763 Ramsey Ave., Hillside, N.J. 07205
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Two columns of the last installment of THE CP/M CONNECTION were
transposed. The correct order is: On page 32, all of column 2 from the
words “and DDT will automatically put...” through page 33
column 1, “ICBIOS.HEX - RAQ080” should follow the command
“A DDT CP/M32.COM" at the bottom of page 33 column 2.

THE CP/M CONNECTION

Part II— CP/M File Operations

CP/M is available for a variety of disk drives,
controllers and methods, including single and double-
density, hard and soft sectoring, 8-inch and 5-1/4-inch
disks and Winchester hard disk drives, all of which vary
considerably in their disk primitives. In this article, forthe
sake of simplicity, we consider only the standard
distribution version of CP/M Version 1.4, issued on a
single-density, soft-sectored, 8-inch disk.

DISK ORGANIZATION

Main Divisions of Disk Space

The standard soft-sectored, single-density, 8-inch
disk is divided into 77 Tracks (numbered O through 76),
and there are 26 Sectors (numbered 1 through 26) per
track. This conforms to the IBM 3740 disk layout; such
disks are called "IBM-compatible”.

Each sector stores 128 data bytes; the two Cyclic
Redundancy Check bytes and other overhead bytes
which follow the data are not included in this count. Thus,
the total storage space is 77*26*128=256,256 bytes.
This, too, follows the IBM format, but again is a function of
a BDOS table; it is perfectly possible to set the sector
size toany multiple of 128 by changing the table entry, but
files would not then be portable except to another system
with the same blocking factor.

On every disk that runs under CP/M, the storage
space is divided into three distinct areas:

® CP/M System Area
® File Directory Area
e File Storage Area

CP/M System Area. Tracks 0 and 1 are always
reserved for the CP/M system, although the system need

Chris Terry, 324 East 35th St. New York, NY 10016

24

by Chris Terry

not be present on every disk. The coldstart loader is
containedin Track 0 Sector 1;the CCP and BDOS occupy
the rest of Track 0 as well as 17 sectors on Track 1; the
remaining nine sectors (1152 bytes) of Track 1 are
available for the CBIOS. The number of sectors actually
used by the CBIOS depends on what drivers and features
are included by the controller manufacturer.

File Directory Area. Sixteen sectors on Track 2 are
always reserved for the file directory. Each directory
entry is 32 bytes long; thus, there is room for
(16*128)/32=64 entries in the standard system. Note,
however, that sector allocation for the directory is
controlled by a table in the BDOS; OEMs licensed by
Digital Research Inc. to reconfigure the system can
expand the number of directory entries to 255 by
changing this table.

File Storage Area. The remaining ten sectors on
Track 2 and all sectors on Tracks 3 through 76 are
available for files.

Logical/Physical Sector Mapping

The standard logical record is one sector (128
bytes), and a file may occupy any number of sectors
from zero up to the full capacity of the disk. Logically
consecutive records are not physically contiguous on
the disk. This is because the disk controller must
process the CRC bytes after reading Logical Sector
N, to verify that there were no read errors. Also, the
BDOS has some housekeeping chores to perform. If
Logical Record N+1 were in fact physically adjacent
to Record N, it would probably pass under the read
head before the chores were complete; the system
would then have to wait until it came round on the next
revolution of the disk, about 16 milliseconds later.
This would make sequential reading unacceptably
slow.

S-100 MICROSYSTEMS



Forthisreason, logically consecutive records are
mapped onto the disk with several physical sectors
between each. The standard skew (sometimes called
"interlace’”) for CP/M is six sectors, to be IBM-
compatible, and is shown in Figure 1; this mapping is
identical for all directory and file storage tracks. The
translation from logical record numbers to physical
sector numbers is performed by a lookup table that is
usually in BDOS, though some versions put the table
in the BIOS. When the table is in the BDOS, disk
utilities that use the disk primitives directly must
provide a separate translation table of their own.
Thus, an application program using the disk primitives
to gain access to logical Sectors 19, 20, and 21 of
Track 3, would in fact access physical sectors 6, 12,
and 18 on that Track. After completing the house-
keeping for Sector 6, there is only a minimal wait
before Sector 12 (the next in the logical sequence)
arrives under the read head.

The routine that performs the logical/physical
sector mapping is transparent to the user. In effect
this routine says, "Whenever you give me a logical
record number, | will convert it to a physical sector
number. You don’t need to know what that number is,
but my mapping will give you quicker access to the
data area.”

KEEPING TRACK OF DISK SPACE USAGE

Unlike some other microcomputer operating
systems, CP/M does not require that the size of a file
be specified at the time of creation. Instead, space on
the disk is allocated dynamically, as needed. Space
that is released as the result of closing a file from
which at least 1K has been deleted, can immediately
be re-used by another file. The tools that permit this
dynamic space allocation are:

e The Allocation Bit Map
® The File Control Block (FCB)
@ The Directory

Allocation Bit Map

For every drive configured in the system, the
BDOS maintains a space allocation bit map con-
sisting of 243 individual bits. This map is read into
memory when the drive is logged in, is modified
during Write operations, and is written back to the
disk each time a file on that disk is closed. Typing
Ctrl-C erases all bit maps from memory except
those for Drive A and for the currently logged-in
disk.

Each bit in the map represents a group (some-
times called a ""cluster’’) of eight logically consecu-
tive sectors on the disk. The bit positions and their
associated groups are numbered 00 through F2
hex (see Figure 2). The first two bits are associated
with the first sixteen logical sectors on Track 2.
These two groups (00 and 01) contain the file
directory, and bits 00 and 01 in the allocation map
always contain 1's, even when no directory entries
have yet been made. This ensures that the directory
can never be overwritten by a file.

A > DISKDUMP B:MAP

GROUP ALLOCATION MAP DRIVE —B

Columns
DlZB&56789ABCDEH0123456789ABCDEF
1111111111111 11112011117111111111
111111111111111141111111111111111
111111111111111141111111111111111
111111111111111141110000000000000
0000000000000000/0000000000000000
0000000000000000{00000000000000G0
0000000000000000[0000000000000000
0000000000000000J00

Even
Half-
rows

Odd
Half-
rows

HOP OO SO
O @0~ W

127 GROUPS REMAINING ON DISK OUT OF 243

To find the hex Group number of a bit in the map, take the first digit from the
even or odd half-row and the second digit from the column in the same half.
The first O represents 73.

Figure 2. Allocation Bit Map

When BDOSreceives arequestto create afile,
it searches the allocation bit map until it finds a bit
containing a 0; the number of this bit is the number
of thefirstfree group. BDOS then sets the map bitto
1 andplaces the 1-byte hexadecimal group number
in the mapping area of the File Control Block (FCB)
created for the new file.

Each time a Write operation is requested for
the file, BDOS examines the last group number in
the FCB and also the Next Record number, and from
these computes the Track and Logical Sector
numbers where writing is to take place. When all
eight sectors of a group have been filled, BDOS
automatically searchesthe allocation bitmap again
for the first bit containing a 0. When one is found, its
group number is added to the FCB and the map bitis
set to 1. Thus, a file which has seven or fewer
records will be shown as occupying one group (1K);
a file which has eight records will be shown as
occupying two groups, even though the second
group is empty.

SECTOR ID NUMBERS
FORMATTED ON DISK

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 %3 24 25 2

i
1

SECTOR fts i
on Pass 01

LOGICAL
Read
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Read on Pass
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t
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Read on Pass 23
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Figure 1. Standard 6-Sector Skew in Logical/Physical Sector Mapping.
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CP/M Connection cont'd...

This process has several important results:

@ Theminimum space that canbe occupied by any
file (even an empty file) is eight sectors (1K).

® Because BDOS always searches the allocation
bit map from the beginning on a Write request and
allocates the first free group it finds, logically
consecutive components of a file may be physically
located anywhere onthe disk and not necessarily in
Track/Sector order.

® A Write request will never be denied until the
disk is too full to hold the amount of data to be
written. Of course, denial of a Write request is a
fatal error unless the application program makes
provision for mounting a fresh disk in such circum-
stances, but it very seldom occurs if reasonable
care is taken. Use the STAT utility to check available
space before undertaking any operation that creates
backup or temporary files.

@ Disk space is efficiently used. In other systems
that require file size to be specified, overcaution
can result in large amounts of unused space that is
not available to other files. This can only be recovered
by copying the datato anew file with the proper size
specification. The same procedure has to be followed
if it is desired to expand a file that has already used
the space originally allocated to it.

File Control Block (FCB)

An FCB is a 33-byte block of read/write memory
containing all the information needed by BDOS to find
a file on the disk and to access any specified record.
Whenever a new file is created, an FCB must be
created for it. The area from 005C to 007C hex is the
default FCB area used by the CCP; itmay also be used
by transient programs. If a transient program requires
more than one file to be open at the same time, the
program must create an FCB for each file that is to be
accessed. These FCBs should be in the TPA.

FCB Layout. The layout of an FCB is shown in
Figure 3. When a file is first created, the CCP or user
program first clears all bytes of the FCB to zero, and
then initializes the first thirteen bytes as follows.

ET. Byte 0. The CP/M Manual defines this as
"Entry Type, not currently used but assumed zero.”
While in the FCB area, this byte remains 0.

FN. Bytes 1 thru 8. The CCP or user program
places the filename in this field, left-justified. If the
name has fewer than eight characters, the remaining
bytes are padded with ASCII blanks (20 hex).

FT. Bytes 9 thru 11. The CCP or user program
places the 3-character file type in this field. Note that
the period which separates filename and type in a
commandis onlyadelimiterandisnotputinthe FCB. If
the file type has fewer than three characters, the
remaining bytes of the FT field are padded with ASCII
blanks. If the file is a temporary file, this field will
contain '$$%".

EX. Byte 12. This byte, initialized to zero, indicates
the file extent number. As we shall see, an FCB
describes a file segment up to 16K in size, i.e., 128
records (sectors). When 128 sectors have been written,
bytes 0 thru 31 of the FCB are copied to the first free
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slotin the directory area, and the Extent numberin the
FCB is incremented. Thus, we shall find a separate
directory entry, each containing a different extent
number, for every 16K segment of a large file.

Bytes 13 and 14 are not used and should always be
zero.

RC. Byte 15. This byte, initialized to 0, contains the
current number of records in the Extent described by
the FCB. As new records are written to the disk, this
count is updated by BDOS. Transition of this count
from 7F to 80 is the signal for BDOS to copy the FCBto
the directory area of the disk and to create anew FCB
with the EX and NR bytes updated.

DM. Bytes 16 thru 31. This is the Disk Map area,
andisinitialized to zeros. When afile isbeingbuilt, the
first Write request causes BDOS to insert the number
of the group allocated into Byte 16. No further updating
takes place in this field until all sectors of the group
have been written. Then BDOS allocates another
group and inserts its number into Byte 17, and so on,
until all 16 groups (128 sectors) have been written.

IMPORTANT NOTE: Because the FCB is not written
tothe disk directory area until either 128 records have
been written or the file is closed, a system crash can
cause the apparentloss of upto 128 records. The data
is on the disk but is not recorded in the directory. In
applications that entail much data entry, it is good
practice to close the file frequently and re-openit; this
can avoid painful reconstruction of the directory and
the possible destruction of vital data as the result of
overwriting from other files after a crash.

NR. Byte 32. This byte, initialized to zero, is
updated by BDOS during sequential file operations,
and shows the number of the next record to be read or
written. For random access, the transient program
must place the number ofthe recordto be accessed in
this byte before issuing the function call to BDOS.
Note that this byte is not copied to the directory entry;
it is meaningful only when the file has been opened.

FCB Location. Before we go on to discuss the
directory, it is important to emphasize that there is no
restriction on the location of an FCB. The CCP and
DDT use the areafrom 005C to 007 C hex; thisis known
as the default FCB area, and is usually given the
symbolic label TFCB. When a large file has more than
one 16K extent, sequential write operations build the
datafor each extent inthe default FCB area. Sequential
read operations cause each directory entry for the file
to be fetched into TFCB, in turn. However, a user
program may allocate enough memory to hold all the
FCBs of a file simultaneously, passing the address of
the appropriate FCB to BDOS as one argument of
each access request. This will be explained in more
detail when we discuss file access operations. Much
time and head movement can be saved during random
read operationsifall of the FCBs for a file are available
in RAM, so that they do not have to be fetched from the
disk each time a new extent is accessed.

File Directory

The BDOS maintains a directory for each disk.
Upon booting CP/M, the contents of Groups 01 and 02
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Figure 3. Layout of File Control Block

(16 sectors) are read sequentially from the logged-in
disk, and the bit map for that drive is recalculated from
the DM bytes of each entry. A request to open a file
causes the appropriate directory entry to be copied
into the FCB area. If the file has been opened for
writing, closing the file causes BDOS to copy the FCB
back to the directory area and to rewrite all 16 sectors
to the disk immediately.

Directory Layout. A set of typical directory entries
is shown in Figure 4. They are for the same disk as the
Allocation Map in figure 3. Note that each entry
occupies 32 bytes in two lines. The first line (3rd
address digit always even) contains 00 in the first byte
(toindicate that the entry is for a valid file), followed by
the file name and type. The extent number is in byte
nnnC, and the record count in nnnF. The second line
(3rd address digit always odd) of the entry contains
the numbers of the 8-sector groups allocated to the
file.

Restoring Erased or Crashed Files. An understanding
of this layout may help to recover afile after a system
crash or one that has been accidentally erased. The
CP/M ERAse command and the Basic KILL command
do not in any way modify the disk file. They merely
issue a Delete requestto BDOS which places ESinthe
first byte of the directory entry to mark it as deleted.
BDOS also scans the group allocations in line 2 of the
entry and sets the corresponding bits in the Allocation
Map to 0, thereby freeing these groups forre-use. The
file data on the disk remains intact until a Write
request to BDOS finds one of these groups free and
overwrites one or more sectors on the disk. The disk
Dump utility by S.J. Singer on Volume 24 of the CP/M
User's Group library can not only read any sector of
the disk into an accessible area of memory, but allows
examination and replacement of individual bytes
before writing the sector back to disk. This facility can
restore an erased file to activity by changing the E5in
the directory entry back to 00, provided that the
directory entry is intact and that write requests since
the erasure have not overwritten the file data on the
disk. Restoration also requires Opening the file, to
bring the edited directory entry into the FCB area, and
then Closing it to restore the Allocation Map and to
rewrite this and the restored directory back to the
disk.

In the case where the system crashed while afile
was open, this disk DUMP utility can also be used to
search the file area of the disk for the lost data. If the
first extentis preservedin the directory, exploration of
the last groups used and the first groups ostensibly
unused can provide the first clues on where to look. If
two files are open simultaneously for writing, BDOS
usually (though not always) allocates open groups
alternately to these twofiles; this, too, canbe ahelpin
reconstructing directory entries.
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The moral is, never, NEVER allow your application
programs to keep writing and writing to a file. If you
close and re-open the file every time you write a
record, you will never lose any data. If this is too hard
on the disk drive, close and re-open the file after every
4K has been written (or some other reasonable
amount).

Directory Area Usage. ltis worth noting that directory
entries on the disk remain intact, even though marked
as deleted, until they are overwritten by new entries.
Thus, when the directory is brought into memory from
the disk, it may contain entries marked for deletion
which BDOS will re-use as needed. When BDOS
copies an FCB to the directory area, it puts the FCB
into the first entry slot that contains E5inits first byte.
As aresult, entries for several extents of the same file
are not necessarily adjacent, nor even in numerical
order. The CP/M DIRectory command and the WDIR
(Wide Directory) utility display file names in the order
in which they occur in the directory.

If it is desired to alphabetize the directory and to
purge entries for deleted files, the SAP (Sort and
Pack) utility by Bruce Ratoff (CPMUG Volume 19) can
be used. This utility reads the directory from the disk,
copying only the active entries into an empty 2K
buffer. It then sorts the selected entries into alpha-
numeric filename-type-extent order, fills the rest of
the buffer with E5, and then writes the sorted and
purged directory back to the disk. BE CAREFUL,
however. Early versions of SAP operate ONLY on
Drive A and are constructed for a particular system
size. And, to the best of my belief, existing versions of
SAP do not work on double-density systems. Be sure
to check the source code, and try it on a backup disk
first.

User Program File Access Procedures

When a file-related console command is given
(SAVE, ERA, REN, DIR, TYPE) with a drive, filename,
and file type, or when a CP/M utility (STAT, PIP, ASM,
DDT, etc.) is invoked with a filename as its argument,
the CCP or the utility perform all functions required to
access the named file, including the creation and
updating of the FCB and directory entry. We are here
concerned only with the procedures that must be
performed by user programs to create, modify, orread
datafiles. Some general principles are explained first;
these are followed by some concrete examples.

BDOS Function Calls

CP/M provides 27 different functions, all of which
are available to user programs. Functions 1 through
11 relate to peripheral 1/O, and are discussed else-
where. Functions 12 through 27 are disk I/O functions.
Only those concerned with creating a new file, reading
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CP/M Connection cont'd...

from or writing to an existing or newly created file, or
deleting a file are discussed here.

A BDOS function call (that is, a request to BDOS
to perform some function) always consists of three
operations:

e Load Register C with the function number of the
desired operation.

® Load Register Pair DE with the address of the
FCB for the file to be accessed. For function 26,
load the address of the buffer to be used for disk
reads and writes.

e CALL BDOS (entry point is O005H).

Some, though not all, functions return a result.
Single-byte results are returned in the A register.
Double-byte results are returned with the low byte in
the Aregister and the high byte in the B register. It is
the responsibility of the user program to interpret and
use any results returned by BDOS. NOTE: BDOS uses
all the registers. If any register values have to be
preserved, save them before the BDOS function call
and restore them when the function is complete.

Log-In Disk (Function 14)

Ifthe filetobe accessedisnotonthe same diskas
the user program, the drive on which the file is (or will
be) stored must be logged in. That is, its Allocation
Map must be reconstructed in memory before any
access can be attempted. Put function number 14
(OEH) in the C register, clear the Dregister,andload E
with the drive number tobe loggedin. Thencall BDOS.
No results are returned.

If your program calls for a change of disk, it MUST
call for alog-in;if it does not, BDOS will attemptto use
the allocation bit map left over from the previous disk
onthatdrive, and existing data onthe new disk may be
overwritten and permanently lost.

Create a New File

First, allocate space for an FCB. If no other file is
open, the TFCB at 005CH may be used; if that is
already in use, allocate FCB space (33 bytes) in the
transient program area (TPA). Then move the filename
(8 characters, left-justified, padded as necessary with
ASCIl blanks) and the file type (3 characters, left-
justified, padded if necessary) into bytes 1 through 11
of the FCB (byte 0 must contain zero).

Load Register C with function number 22 (16H,
Make File), load Register Pair DE with the address of
the FCB, and call BDOS. BDOS returns the byte
address of the directory entry allocated to thefile (i.e.,
an addressinthe range 00 through 7FH that is relative
to the start of the sector in which the entry will be
stored on the disk). If the directory is already full,
BDOS returns OFFH inthe Aregister; the user program
must check for this and take appropriate action if the
directory is full. One possible course would be to print
an error message instructing the operator to dismount
the current disk and mount a blank formatted disk on
the same drive. Upon receiving confirmation via the
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console that a new disk is mounted, start the operation
over by logging in the disk (Function 14) and repeating
the Make.

Opening an Existing File

ifthe file to be accessed already exists, it mustbe
opened before reading or writing can take place. If the
fileis notonthe same disk as the user program, itmust
be mounted and logged in as described above; if it is
on the same disk, the log-in was done when the user
program was called.

To open the file, do the following:

® Allocate space for the FCB.

® Move the filename and type into bytes 1 through
11 of the FCB as described for a Make, above.

® Load the C register with function number 15
(OFH, Open File). Load Register Pair DE with the
with the address of the FCB.

e CALL BDOS (Entry point is 0005H).

® Clear register A and wait for the completion
code to be returned. BDOS returns the byte address
of the directory entry if the file is successfully
opened, or OFFH if the file cannot be found.

NOTE: Successful opening of a file says nothing
about the mode in which it can be accessed. It merely
indicatesthat the file exists and thatits directory entry
has been copied into the FCB area. The user program
may either read from or write to the file, sequentially or
randomly. If only Read operations are performed, the
file need not be closed later (although it is good
practice to do so). If any kind of Write operation is
performed, the file MUST be closed later, in order to
ensure that the added or modified space allocations
are permanently recorded on the disk, both in the
allocation bit map and in the directory.

Buffer Addressing

The starting address of the buffer from which data
is to be written to disk, or into which data is to be read
from disk, is called the DMA (Direct Memory Access)
address. The minimum size of the buffer is 128 bytes,
corresponding to one complete sector. Increases of
buffer size must be in multiples of 128. The term
"DMA" is not strictly accurate unless the controller
contains DMA hardware that pre-empts the data bus
and transfers a specified number of bytes (starting at
the DMA address) at high speed, without intervention
of the CPU. However, the term is convenient and has
become standard in CP/M.

Unless otherwise specified by a user program,
BDOS assumes that all data transfers will take place
via the 128-byte buffer at locations 0080H through
OOFFH. This is called the Default Buffer, and the
standard name of its starting address is TBUFF. This
bufferis also used by the CCP for string input from and
output to the console.

Auserprogram can change the disk buffer address
with a Set DMA function call to BDOS. The procedure
is:

® |Load Register C with the function code
(26=1AH=Set DMA).
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® |oad the DE Register pair with the starting
address of a user buffer.
e CALL BDOS (Entry point at 0005H).

BDOS does not return anything.

Reading and Writing

After a file has been opened, a separate Read or
Write request must be issued for each and every
sector transferred. Unless otherwise specified by the
user program, BDOS assumes that all transfers will
take place via the Default Buffer starting at TBUFF
(O080H). The user program is responsible for emptying
the buffer after each Read (or processing the data
while it is still in the buffer), and for filling the buffer
before each Write. The request procedure is:

® Load the C Register with the function code
(20=15H=Read Next Sector; 21=16H=Write Next
Sector.

@ Load Register Pair DE with the address of the
FCB for the file to be accessed.

® CALL BDOS (entry point is 0005H).

Upon completion of the sector Read or Write,
BDOS increments the count in the NR (Next Record)
field of the FCB, and returns a completion code in
Register A. The completion codes are:

CODE ON READ ON WRITE
0 Successful Read Successful Write
1 Read past EOF Error in extending the
file
2 Sector accessed End of disk data had no
data
255 No more directory space

for a new extent

Itisthe user program’sresponsibility to check the
completion code and to take appropriate action on
error conditions. Use of the 128-byte Default Bufferis
convenient when the user program must process
small quantities of data (for example, a line of source
code)before requesting or outputtinganotherrecord.

There are many occasions when a large block of
data must be read into or written from memory in one
operation. Examples are reading a .COM file into
memory prior to execution, reading a complete set of
records that are to be sorted, or making a large block
of ASClltext available to speed up string search/replace
procedures. To read a large block, do the following:

® Allocate userbuffer space, sized to some multiple
of 128 bytes.

® |ssue a Set DMA reguest pointing to the start of
the user buffer. Store the current DMA address in
scratchpad memory.

@ |ssue the first Read request.

® After each Read request, check the completion
code returned by BDOS, and take appropriate
action if an error is indicated. Also check for a
Buffer Full condition (such as number of sectors
read equal to buffer size in sectors).

® Aftereach successfulread, getthe current DMA
address, add 128 to it, and store the updated
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address in the DE register pair and in the scratchpad.
Then issue a new Set DMA request followed by a
Read request.

Random Reading

Once a file has been opened, random access to
any record is possible by placing the desired record
number in byte 31 of the FCB before issuing a Read or
Write request (remember that FCB bytes are numbered
from 0). Some computation is required here, first to
derive the logical record number from the block
number (if blocks are larger than 128 bytes), and then
to find what extent this record is in.

Suppose that our logical records are 256 bytes (2
sectors) long, and we wish to access record 134. The
datawe wantisinthe two sectors starting at 134*2=268
in the sector sequence. However, since a file extent
can hold only 128 sectors, sector 268 must be in the
third extent. Extent numbers start at 0, so this will be
numbered 02. The number of sector 268 relative to the
start of Extent 02 is found by taking the remainder of
268 modulo 128; that is, 268%2=2, and the remainder
is 268-(128*2)=12 decimal. Since Next Record counts
in the FCB also start at O, the required sector number
is 11 (OBH).

Thus, before issuing the access request we must
fetch the directory entry for Extent 02 into the FCB
area, and place 0BH in the NR field (Byte 31). Now we
issue a Set DMA request pointing to the start of a 256-
byte buffer, followed by a Read request for the first
half of our record. To obtain the second half, we must
add 128 to the DMA address and issue anew Set DMA
request. We do not need to change the NR field of the
FCB because this was incremented automatically by
BDOS after the first read, so we finish the operation
merely by issuing the second Read request.

Random Writing

Some care must be taken when writing randomly.
If we wish to write record 129, for example, we must
first have created space for records 1 through 128.
We can write 128 records containing nuls, and then
add record 129 to the end of these; however, this may
be wasteful of disk space, and we could run into
trouble if we attempt to write record 2001 (or some
high number). Most data management systems use a
special CREATE program to create afile of finite size,
and thenan UPDATE program that enters data into this
file in a manner that makes efficient use of the space.
There have been a number of articles during the last
year on hashing techniques, tree techniques, and
indexed sequential access methods. Consult these
for further details, which are outside the scope of this
article.

Closing a File

It is not necessary to close a file if ONLY read
operations were performed on it. This is because
reading alone does not change either the Allocation
Map or the directory entries for the file. Closure is
highly desirable, however, to maintain upward com-
patibility of the user program with revisions later than
1.4 of CP/M. In a multi-user system, for example, the
file would have to be closed before any other user
program could access it.
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CP/M Connection cont’d... the entire updated directory is written out to the first

Further, if any type of writing was done, the space S'Xt‘?reoncslggiogsfﬁ; Tdrzctiﬁls.followin .
allocations for the file were probably changed, and ’ g
must be written back to the disk to ensure integrity of

the data. The Close function copies the current FCBto ® Load register C with the function code
the matching directory entry, if one exists, or to the (16=10H=Close).

first free slot in the directory area if the current FCB e |oad Register Pair DE with the address of the
describes anew Extent. Then the allocation bit map is FCB for the file.

written back to the disk area on which it resides, and e CALL BDOS (entry point is at 005H).
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I Figure 4. Part of Typical Directory
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End-of-File Detection

Files of type .COM and .HEX do not contain any
built-in end-of-file (EOF) marker. If BDOS starts to
process a Read request and finds that the countin the
NR field of the FCB is greater than the count in the RC
field, the request is aborted and a completion code of
1 (read past end of file) is returned. A transient
program may use this indication to break out of a data
transferloop; more usually, such aloopisinitialized to
read only the number of sectors specified by the RC
field.

ASCllIfiles of types ASM, TXT, DOC, etc. can also
use the above methods. However, the transient programs
that process such files (assemblers, editor, text for-
matters, etc.) expect to find at least one ctrl-Z (1AH)
code after the CRLF of the last record in the file. Some
programs fill all unused space in the last sector with
this code. The EOF marker is not recognized by
BDOS, but it acts as a signal to the transient not to
read any further sectors, and to ignore the first EOF
marker and all subsequent bytes in the buffer.

When random file access is in progress, the user
program should always check the completion code
returned by each Read or Write request, because
BDOS distinguishes between an attempt to read a
sector beyond the true end of file (code 1), and an
attempt to read a sector which is within the file area
buthasnodatainit (code 2). The latter condition could
occur while building a tree, or while using hashed key
techniques.

Deleting or Renaming a File

A user program can delete or rename a file by
function calls to BDOS. The delete procedure is:

® Place the name and type of the file to be deleted
in bytes 1 through 11 of an FCB (bytes are numbered
from 0).

® Load Register G with the function code
(19=13H=Delete).

® Load Register Pair DE with the address of the
FCB.

e CALL BDOS.

No information is returned by BDOS after a Delete
request.
The rename procedure is:

® Place the old name and type of the file to be
renamed in bytes 1 through 11 of the FCB.

@ Place the new name and file type in bytes 16
through 26 of the FCB.

® Load Register C with the function code
(23=17H=Rename).

® Load Register Pair DE with the address of the
FCB.

e CALL BDOS.

If BDOS finds a directory entry matching the
filename and type in FCB bytes 1-11,itchanges these
to the filename and type specified in FCB bytes 16-26
and returns the byte address (within the sector) of the
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changed entry, in Register A. If no matching entry is
found, BDOS returns 255 (OFFH) in Register A. The
user program should check the completion code and
take appropriate action if the renaming was not
successful. After a successful renaming, a Close
request must be issued for the file under the new
name, otherwise the modified directory will not be
written to the disk.

In the next issue of S-100 MICROSYSTEMS we
will examine: "Implementing the IOBYTE Function”.

S$-100 MICROSYSTEMS’ Bugs

The list of processor boards and manufacturers in the
July/August issue was incomplete in that all three processor
boards that IRISystems uses were omitted. These are:

a. 8085 -TE!
5075 South Loop East
Houston TX 77033

b.Z80 -Industrial Micro Systems
628 North Eckhoff Street
Orange CA 92668

c.Z80 -Internaticnal Product Development Inc.
& 1708 Stierlin Road
M68000 Mountain View, CA 94043

Also, Digicomp Research's Pascal 100 contains both
the Western Digital Microengine and a Z-80 processor.

Two portions of Chris Terry's CP/M Connection were
transposed in the July/August issue. Corrections can be
found on the first page of this month’s installment “Part
||I-File Operations.”

BGEHEEEL SOEY IS0

MAURO PRORC MP-250 FLOTTER - %6935
with L2D Plot pockage - $795
with L2D & L3P pockages - %930

MAURD PLOTTER  — Uses 11" by 8-1/2” or any [ength poper.
Resolutlon ts 200 steps per Inch. 0.005" trockling error.
Mouro X-Y  vector softwore with pen control !s ovolable
for B80B0D/ZB0O, 6£: & 6800 mlcro-processors. Requlres 3
bits of o paral utput port. APPLE, TRS-80, and RE232
Interfaces ore avclable as 1/0 Optlens.

ipparts complet

e = | P P [y S W

= 7717
[ F

Ca 95826
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DAT-100

Up to 2400 Megabytes of
hard disk control for the
S$-100 bus.

Konan's SMC-100 interfaces S-100 bus micro
computers with all hard disk drives having the
Industry Standard SMD Interface. It is available
with software drivers for most popular operating
systems. Each SMC-100 controls up to 4 drives
ranging from 8 to 600 megabytes per drive,
including most “Winchester” drives - - such as
Kennedy, Control Data, Fujitsu, Calcomp,
Microdata, Memorex, Ampex, and others,

SMC-100 is a sophisticated, reliable system
for transferring data at fast 6 to 10 megahertz
rates with onboard sector buffering, sector
interleaving, and DMA.

SMC-100's low cost-per-megabyte
advanced technology keeps your micro computer
system micro-priced. Excellent quantity discounts
are available.

Konan’s HARDTAPE™

subsystem...very low cost
tape and/or hard disk

Winchester backup and more.

Konan's new DAT-100 Single Board Controller
interfaces with a 172 megabyte (unformatted)
cartridge tape drive as well as the Marksman
Winchester disk drive by Century Data.

The DAT-100 “hardtape” system is the only
logical way to provide backup for “Winchester”
type hard disk systems. (Yields complete hard
disk backup with data verification in 20-25
minutes. )

Konan’s HARDTAPE™ subsystem is
available off the shelf as a complete tape and
disk mass storage system or an inexpensive tape
and/or disk subsystem.

Konan controllers and
subsystems support most
popular software packages
including FAMOS™, CP/M®
version 2.X, and MP/M.

Konan, first (and still the leader) in high-
reliability tape and disk mass storage devices,
offers OEM’s, dealers and other users continuing
diagnostic support and strong warranties. Usual

delivery is off the shelf to 30 days with complete
subsystems on hand for immediate delivery.

Call Konan's TOLL FREE ORDER LINE foday:
800-528-4563

Or write to Bob L. Gramley
Konan Corporation, 1448 N. 27th Avenue
Phoenix, AZ 85009. TWX/TELEX 9109511552

CP/M® is aregistered trade name of Digital Research,
FAMOS™ is a trade name of MVT Micro Computer Systems.
HARDTAPE™ is a trade name of Konan Corporation.

Hard disk and hardtape control
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NorrhSquy‘ Topics

A Spooling Program and Much More
Part IT

In the last issue | described a program for a North
Star disk system which implements input/output
redirection, a printer SPOOL and a command stack. In
order to redirect 1/0 to and from the disk as well as
drive a printer with the contents of a disk file, this
program must necessarily access disk files. | consider
the part of the program which does North Star disk I/0O
to be a skeleton operating system. By my definition, an
operating system manages the physical machine
resources to provide an evironment to execute
programs. One of the significant features of an
operating system is the management of all input/
output. The simpler an operating system makes 1/O
appear to the program environment, the easier it is to
develop programs. One aspect of operating systems
which distinguishes them is the specification of the
program interface for input/output operations.

In the case of the North Star disk system, the I/0
interface available for software development is
extremely low level. The North Star DOS provides
character |/0 for terminals and other character oriented
devices such as paper tape devices and line printers.
No character I/0 is available for disk files. The only
access North Star DOS provides for disk files can be
best described as the unbuffered do-it-yourself variety.
North Star Basic does provide character by character
as well as record access to disk files, but only for North
Star Basic programs. For disk access, the North Star
DOS provides a method for naming files and a method
for accessing arbitrary blocks of data on the disk.
North Star DOS does not provide any interface which
will associate a file name with a particular area of the
disk (open a file), read/write a byte or record and chose
a file. The System Software Manual hints at how this
can be done but no software is provided.

In order to implement input/output redirection and a
printer spool, | needed to provide a means to buffer
disk accesses. To understand this, you need to
consider the type of input/output which the hardware
controlling a disk device can accept. The most versatile
type of disk controller will make the disk device appear
as an extension of the computer's main memory.
Hence, a limited amount of main memory can be made
to appear to be much larger to an application program

Randy Reitz, 26 Maple St., Chatham Township, NJ 07928
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by Randy Reitz

because the disk controller (and other hardware) is
constantly swapping the machine’s main memory with
the memory available on the disk device. A simpler disk
controller, such as the North Star, will only sort out the
timing considerations necessary to locate a particular
block of data (track and sector) on the rotating disk.
Once the particular spot on the disk is found, all the
information must be read or written as one block. The
North Star DOS entry DCOM will find the requested
spot on the disk and then read or write one or more
consecutive blocks. The North Star disk controller is
set up to recognize 10 such blocks on each track of a
disk. The North Star DOS is set up to recognize 35 such
tracks for a total of 350 blocks. In order to access one
byte in a selected block, additional software is needed.

The process of accessing a single byte or record of
data on a disk device requires a whole block of data to
be buffered in the computer's main memory. In
addition, the application program is greatly simplified
if it can refer to a logical block in a named file and let
the operating system sort out the actual physical block
number, disk track and sector (another name for block)
number. The second part of the spooling program
implements a version of buffered disk 1/0. | had never
tried to implement this type of program before, and
this experience proved to be very educational. | can
now better appreciate the complexity of an operating
system such as CP/M.

The CP/M operating system uses a 33-byte string of
data to hold relevant information about an open disk
file. This 33 byte string of data is called the File Control
Block (FCB). The FCB is supplied by the application
program and CP/M uses this memory as a scratch pad
while it performs disk access. Most operating systems
require some type of scratch pad when disk access is
performed. | can remember doing battle with IBM’s Job
Control Language and specifying all that DCB (Data
Control Block) information and never really under-
standing why it was needed. | kept thinking the
computer should figure it all out. The only operating
system | have used which does not require an area of
the application program’s memory for a disk 1/0
scratch pad is UNIX. The UNIX system is completely
unique and | hope an affordable operating system of
this type will be available someday for an S-100 type
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computer. The operating system | am about to describe
uses a 19-byte scratch pad. The layout is as follows:

ITEM LENGTH DESCRIPTION
XXFILE 12 Contains the name of the disk file
XXUNIT 1 Contains the disk drive number
XXPTR 1 Pointer to RAM buffer (low byte)
XXBUF 1 Pointer to RAM buffer (high byte)
XXADR 2 Disk address for next read/write
XXLEN 2 Disk file length
19

The longest filename allowed by North Star DOS is

eight characters. | chose to include the drive

specification in XXFILE, so this adds two more bytes (a
comma and drive number). The filename is terminated
with a CR (ASCII 13) and RUBOUT (I use FF hex) so a
total of 12 bytes is required. When the disk drive
number is stripped from the filename, it is stored in
XXUNIT. When XXUNIT is zero, the file is considered
closed. The pointer to the buffer used to temporarily
hold the block of data is in the next two bytes. The data
blocks on North Star disks are 256 bytes in single
density. This is a very convenient number since exactly
one byte is needed to indicate the next position in the
buffer to be read/written. This convenience disappears
with double density (which is why the program won’t
work with double density). To compensate | used this
trick in several places:when the low byte overflows-it’s

time to get/put another block. Now that | reflect on this
decision, using tricks such as this (sometimes called

magic numbers) makes a program depend too much on
the particular hardware that it runs on. Finally, the
scratch pad contains two numbers relevant to the
particular disk file. The first contains the address of the
next physical block which will be read/written when
the buffer overflows. The second number is initially the
total length (in blocks) of the disk file. The disk address
can range up to 349 and the length can range from 0 to
345 (the first 4 blocks on every North Star disk contain

the directory), so two bytes are needed for each
number.
With these preliminaries out of the way, we can

discuss how the program works. The character-by-
character write routine starts at location WRDISK.
Throughout the program, access to the information in
the scratch pad is made through addresses contained
in the 8080 machine registers. This allows the
scratchpad and buffer to be located (and relocated)
anywhere in memory. Each routine starts with
comments indicating the information expected in the
registers. Error conditions are indicated using the 8080
flag register. Usually the carry bit set indicates an error
and the state of the zero flag and minus/plus flag will
indicate the type of error. The WRDISK simply saves
the byte to be written (B-register) in the buffer and
increments the pointer (low byte of the buffer address).
If the buffer is not full, the routine returns. If the buffer
is full, the routine sets up the registers for the DODSK
routine which writes the buffer to disk. Any error in
DODSK will be passed back to the calling program by

WRDISK. )
The RDDISK is very similar to WRDISK and will

return the next character from the buffer in the
A-register. If all the characters in the buffer have been
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read, the registers are set up and DODSK is called to
fill the buffer. The DODSK routine does the unbuffered
disk 1/0. This routine uses the DCOM entry in the
North Star DOS after the information contained in the
scratch pad is updated and all the 8080 registers are set
up. The DODSK routine also checks for a length error
(trying to read/write more blocks than the file
contains). The file length byte is decremented for each
block read/written. When this byte in the scratch pad
is zero, a length error is indicated. If the North Star
DOS routine DCOM indicates an error, DODSK
interprets the error to be that the disk is write-
protected. This is a good guess if you are sure the
information in the 8080 registers upon entry to DCOM
is correct. Unfortunately, the System Software Manual
does not tell you this.

The SEARCH and CREATE routines are the ones
necessary to open a disk file. | don’t have an open
routine in the operating system. The disk file open is
done in the spool driver routines discussed in the last
issue. | developed an open routine subsequent to
writing this program and | have used it for other work.
To open afile, the following steps are needed:1) set up
a 19-byte scratch pad and insert the filename, 2) call
SEARCH to see if the file exists on the selected disk
device (extracted from filename), and 3)call CREATE if
the file does not exist. If SEARCH finds the file, the
starting disk address and total file length are loaded
into the scratch pad. If SEARCH is unsuccessful, the
next available address on the disk is in the DE-register
pair. This is where CREATE expects to find it so
SEARCH must be called before CREATE. Also the
CREATE routine requires the desired file type to be in
the A-register and the desired file length (in blocks) to
be in the BC-register pair. If CREATE is called with a
requested length of zero (BC=0) then all available
space on the disk will be used. When this file is closed,
the length will be adjusted to the number of blocks
actually used. This is the closest | could come to
dynamic files in a North Star system. The CREATE
routine will determine if the disk is too full to contain
the requested file, if the file name is bad and if the disk
is write-protected.

The last routine in the operating system is CLSIT
which closes a disk file. This routine will put an
end-of-file byte (ASCII 1, SOH) in the buffer and write
the final buffer to disk. The length of the file contained
in the disk directory will be adjusted if the dynamic file
sizing was requested. The XXUNIT byte in the scratch
pad is zeroed to indicate that the file is closed. If the
file was open for reading only, the CLSIT routine
should not be used since this file can be closed merely
by zeroing the XXUNIT byte. The CLSIT routine will
signal an error if the disk in the drive has been
disturbed since opening the file.

The remainder of the code in the program is service
routines for the operating system and disk spool parts
of the program. The largest block of code handles
errors when the operating system detects disk
problems. Smart error routines are difficult to write.
These error routines attempt to give a good message
and return after cleaning things up as much as
possible. The program ends with a data section which
allocates space for program variable storage, the three
19-byte scratch pads for the write, read and output
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NEWS & VIEWS

by Sol Libes

MICROSOFT SIGNS UNIX AGREEMENT

Microsoft, Bellevue Wash., has signed an agreement
with Western Electric for the rights to develop and
market a version of UNIX, developed by Bell Labs.
Their version will be specifically for 16-bit micro-
processors, such as the 8086, Z8000 and 68000 and will
be called “XENIX”. UNIX is probably “the” most
popular minicomputer time-sharing operating system
in surrent use. It is very popular in the educational
community, most probably because WE sold it to these
institions for a very low fee. However, it has been
gaining in popularity in the business world as well.

The charge for the software package will be based on
volume and number of users. The initial fee for a four
user system will range from $500 to $30000. Release of
the package is expected in early 1981.

MICROSOFT RELEASES BASIC FOR Z8000

Microsoft again strikes a first with its implementa-
tion of Basic for Z8000 based systems. This is the first
worthwhile software package to be released for the
Z8000. Microsoft was able to gain this big lead by
developing the package on a large minicomputer
system using a cross-assembler and several develop-
ment programs. Microsoft’s timing could not have
been better as the first Z8B000 CPU cards and systems
are only just now becoming available.

The Basic will have the same features as Microsoft’s
Basic for 8-bit machines and will execute about five

times faster. Microsoft’s marketing emphasis for the
Z8000 Basic will be primarily to OEMs.

RUMORS

Digital Equipment Corp. (DEC) will soon release a
16-bit microprocessor chip that will be compatible with
8080/280/6800 support ICs. It will have the power of a
PDP-11/23. At least one outfit is presently investi-
gating an S-100 implementation with plans of running
the popular RT-11 time-sharing operating system.

CPM USER GROUP LIBRARY
NOW ON NORTH STARDISK
Finally, the largest and best microcomputer software
library has been made available on North Star Disk. The
CP/M Users Group, a non-profit opertion, is making
available all 42 volumes of the CP/M Software Library.
Until now, it was only available on 8" disks. These
disks may be copied without restriction. The usual
practice is for a group or club to bus a set of disks,
then each member makes a copy from this master set.
The disks are available in either double density
Version 1.4 or 2.2 and guad density Version 2.2
formats. They are not available in single density
formats. A catalog of the volumes is available for $6
($11 overseas). The disks are either $8 or $12 per
volume depending on whether they require one or two
disks per volume (overseas $12 or $16). For information
and ordering contact: CP/M Users Group, 1651 Third
Ave., New York, NY 10028.

SYMBOL TABLE

BADCL 1BFO BADES 1C18 BADNM
BELL 0007 BLANK 1C10 BS
CKEYB 17A9 CKMOT 1B22 CLOSE
CLSPO 1852 cour 200D CR
CTRLC 0003 CTRLS 0013 CURR
DIRLO 1AD7 DISPL 194F DLOOK
DOPRT 170C DOSEN 2028 DOSER
DRVSE 2003 DSKFL 1A71 DSKFU
DSPBE 194D DWRIT 201F ESC
FILNM 1B09 FIN 1659 FLERR
GETCP 17F5 GETIT 1995 GETSP
GOSTK 172B IODEV 1CS55 IOFLA
KEY¥BD 168C KILL 173C KILLS
LNERR 1B3D LOAD 174A LOADH
MO 0010 MOVDI 19E7 MOVLN
NEW 1913 NF 1BA7 NMERR
0K1 17E4 0OK2 17F3 OKLEN
PMSG 1C2E PRACT 1807 PRFIL
PRNAM 187B PRUNI 1C8E PUTCR
RDERR 1B43 RDFIL 1CHF RDNAM
RDUNI 1C7B READA EB10 READN
RUBOU O007F SAVER 1C56 SAVPT
SELEC 1B2C SKIP 16DB SPLBU
SPLFI 1C5C SPLPR 1600 SPLSR
STATP 1603 STOP 1C3C STOPR
TOLON 1BFE TYERR 1B57 UPDAT
USRCO 1605 WRDIR 1lAS5B WRDIS
WRITE 18ES WRNAM 1874

1BCC BADPA 1BS8A BADTY 1BBE
0008 cc Q0EB CIN 2010
18DC CLSER 1B5D CLSIT 1ABA
000D CREAT 19F3 CRLF 1BED
1901 DCOM 2022 DELET 1773
201C DOCRT 170F DODSK 19A8
202C DOSPO 160B DOSPT 28B7
1A72 DSKNA 1A79 DSKWP 1ABO
001B ESCER 1B79 FETCH 165F
1B4A FULL 1BB4 GETCH 1936
1786 GETST 1948 GNAME 1880
1Cs54 IOSTK 1CFF KBDMS 1604
1780 LDSTK 1744 LF 000A
192D LOCST 1C@%5 LOOP 1K52
1Aa2C MOVNM 1A41 NAME 1898
1B51 NOSEL 0059 NPERR 1B50
19C3 OKNAM 18AD OUTSP 1716
1C82 PRINT 18F5 PRLOO 1818
1958 PUTSP 17B7 RDDIS 197F
185C RDNF  1B9D RDSTK 1C50
18DC RESET EBS0O RETM 18D3
173F SAVST 1C58 SEARC 19D3
1D00 SPLCI 1644 SPLCO 16DF
1844 SRCON 19DF STACK 1C52
1Cc39 STRTM 1Bl6 TESTS 1655
1926 USEBC 1lA1lD USRCI 1608
195D WRERR 1B37 WRFIL 1C5C

North Star cont'd...

spool files, the command stack space and finally the

8080 machine stack. . ) .
As | pointed out at the start of this article, this

program was my first attempt to handle disk
input/output. As | reflect on this program | probably
would have done many things differently. Never-
theless, | hope you can use this as an example of some
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of the considerations required when you do disk /0O
with the North Star DOS. Maybe this exercise will
convince you to buy CP/M for your North Star system.
This program will only give you |/O redirection, etc.
with North Star DOS. If you want these features and
don't want to type this program in, | can supply you a
copy on disk for $15. | will include the source code and
the assembled version shown here. d
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North Star Horizon-

COMPUTER WITH CLASS

The North Star Horizon computer can be found everywhere
computers are used: business, engineering, home — even the
classroom. Low cost, performance, reliability and software
availability are the obvious reasons for Horizon's popularity.
But, when a college bookstore orders our BASIC manuals,

we know we have done the job from A fo Z.

Don't take our word for it. Read what these instructors have to
say about the North Star Horizon:

“We bought a Horizon not only for its reliability record,
but also because the North Star diskette format is the industry
standard for software exchange. The Horizon is the first computer
we have bought that came on-line as soon as we plugged it in,
and it has been running ever since!”
— Melvin Davidson, Western Washington University,
Bellingham, Washington

“After | gave a %2 hour demonstration of the Horizon
to our students, the sign-ups for next term’s class in BASIC
jumped from 18 to 72.”
— Harold Nay, Pleasant Hill HS, Pleasant Hill, California

“With our Horizon we brought 130 kids from knowing
nothing about computers to the point of writing their own Pascal
programs. | also use it to keep frack of over 900 student files,
including a weekly updated report card and attendance figures.”

— Armando Picciofto, Kennedy HS, Richmond, California

“The Horizon is the best computer | could find for my class.
It has an almost unlimited amount of software to choose from.
And the dual diskette drives mean that we don't have to waste
valuable classroom time loading programs, as with computers
using cassette drives.”
— Gary Montante, Ygnacio Valley HS, Walnut Creek, Calif.

See the Horizon at your local North Star dealer.

NorthShar

Naorth Star Computers, Inc.
1440 Fourth Street
Berkeley, CA 94710

(415) 527-6950

TWX/Telex 910-366-7001




A Program for

Renaming Files on
North Star Disks

by Mark M. Zeiger

Presently, to change the name of a file on a North
Star formatted disk using the standard DOS com-
mands, these instructions are needed:

CReate (new file name) (length)
TYpe (new file name) (type) (address)
CF (old file) (new file)

DElete (old file)

B 00 Ponee

and probably

5. COmpact (if you have release 4 or 5 DOS, you will
have to load COMPACT as a separate program).

The program described in this article will rename a
file without changing anything on the disk except the
directory entry for the file being renamed. Directions
are given at the beginning of the program and the user
is prompted throughout the program’s run. Anytime
the program is waiting for a filename, typing a
Control-D will list the directory (and restart the
program), a Control-X will restart the program, and a
Control-C will take the user back to North Star DOS.

The program first asks for the drive number. The user
has the option of typing in the drive number (the
‘return’ key is not needed) or typing Control-C to return
to DOS. If a drive is selected, the program to be
renamed is then entered followed by a return. If the
name is over eight characters, an error occurs and the
prompt for the file to be renamed is given again. The
program then asks for the new name of the file, again
accepting a name of at least one but not more than

eight characters. “Delete” (7F hex) or “Rubout” (5FH)
may be used to erase a character when inputting

names. The program will automatically convert
lowercase characters to uppercase. There is a built-in
safety check that will not allow entry of just a “Return”
when asked for the new name since to do so would be
tantamount to erasing the file from the directory (as |
unfortunately discovered). After the new name is
entered, the file will be updated and the program will
restart itself.

Mark M. Zeiger, 198-01B 67th Ave., Flushing, NY 11365
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If the new name already exists on the disk, the user
will be informed of the fact and be asked to pick
another name. If the file being renamed is not on the
disk, an appropriate message will be given, the
directory will automatically be listed, and the user will
have to type in both a correct old name and a new
name. If there is any doubt as to a name, type
Control-D to list the directory.

The RENAME program uses the machine language
routines DLOOK, DWRIT, and DLIST as described in
the DOS section of the North Star manual. The source
program is annotated for clarity (hopefully). Since this
is one of my earlier efforts at machine language
programming, the code is not as structured as it could
be, but since it works perfectly | am not going to
rewrite it.

The program flow is as follows:

Print sign-on message

}

Accept old name (uses INAME)

!

Accept new name (uses INAME)

l

Check to see if new name is already in directory

|

Find old file

l

Change old file name to new file name in RAM.
Pad name with blanks until eight characters.

'

Write updated directory to disk.

The major subroutine is INAME which calls input,
places the name in the correct buffers (old or new),
performs checks on the names, allows deletion of
characters, and accepts Control D, X, or C.
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You will have to change two lines in the source code
to adapt the program to your system. Line 0100 should
signify your console backspace character and 0110
should contain the number of drives on your system. If
you have a non-standard DOS, you will have to change
the equates at the end of the program. If your system
has only one drive, you may delete the section which
asks for the drive number. Delete lines 150 to 290,
change the label in line 300 to “START"”, and change
line 340 to “JC START".

The routines in North Star DOS make this program
very easy to implement. The simplest routine to use is
the LIST routine that lists the disk directory. This
routine is called with the drive number in the A-register
and the output device number in the L-register (the
latter is not used in RENAME). The DOS routines which
really do the work of this program are DLOOK and
DWRIT. To use DLOOK the Accumulator must again
contain the drive number and the HL-registers should
point to the RAM address containing the first letter of
the file name being sought. The name in RAM should
have either a blank or return at its end. When DLOOK is
called, the entire directory is written into RAM in the
DOS area. If the name is found, the carry flag is reset
and the HL register pair contains the address of the last
(8th) character of the file name in the DOS directory
area of RAM. If the name does not exist then the HL
register pair contains the first free disk address (this

directory entries in RAM may now be changed
(although only names, types, and GO addresses may
be changed without destroying the integrity of the
directory). The DOS command DWRIT may then be
used to write the changed directory in RAM back onto
the disk. No disk activity should take place between
using DLOOK and DWRIT and no parameters are
needed when using DWRIT.

RENAME uses the above routines in the following
manner. Lines 320, 330, 370, and 380 load the old and
new file name into buffers called OBUF and NBUF
respectively. Lines 430 through 490 then use DLOOK to
make sure the new name is not already being used. In
this case the program will continue if DLOOK returns
with the carry flag set. Lines 530 to 560 use DLOOK to
determine if the old name is on the disk. Hopefully the
routine will return with the carry flag not set. If the old
name is on the disk, then the HL register pair must be
decreased by eight (lines 690 and 700) since the
register pair is pointing to the end of the name. Lines
740 through 920 transfer the name in NBUF to the DOS
directory in RAM and lines 960 and 970 use DWRIT to
put the altered directory back on the disk.

Note that the hex code listing stops at 2E60. The
code from this point on are the ASCIl messages. The
assembler prints these on multiple lines making the
source code difficult to read. Therefore, only the

would be used when creating a new file). Any of the source code was printed out from this point on. O
2000 0010 ; REMAML PROGRAM BY MARK M. ZEIGER
2D00 0020 ; RENAMES FILE ON NORTH STAR FORMATTED DISK
2D00 0030 ;THIS PROGRAM VORKS FOR BOTH SINGLE AKD DOUBLE DENSITY DOS.
2000 0040 ;ASSEMBLE AT 2A00H FOR SINGLE DENSITY AND 2D00H FOR DOUBLE DENSITY.
2000 0050 ;
2D00 0060 ; =======-== 5 IMPORTANT “=-=--=----
2000 0070 ;
2000 0080 : CHANGE THE NEXT TWO LINES TO SUIT INDIVIDUAL SYSTEM.
2000 0090 ;
2000 0100 BS EQU 8 sTERMINAL BACKSPACE CHARACTER
2D99 0110 DRNUM EQU 2 ;NUMBER OF DRIVES OHN SYSTEM
2000 0120 ;
2000 21 EA 2E 0130 BEGIN LX!  H,TITLE sPRINT SIGN-ON MESSAGE
2003 CD A3 2D 0140 CALL MESG sMESSAGE OUTPUT ROUTIHE.
2D0€ 21 C2 2F 0150 START LXI  H,MESGO ;ASKS WHICH DRIVE FILE IS ON
2D09 CD A3 2D 0160 CALL MESG
200C CD 10 20 0170 CALL INPUT
2DOF FE 03 0180 CPI 03H ;RETURN TO DOS IF CTRL-C.
2011 CA 2E 2E 0190 Jz G0 ;OUTPUTS CR LF AND JUMPS TO DOS.
2D14 F5 0200 PUSH PSW
2D15 47 0210 MOV B,A
2016 CD 19 2E 0220 CALL OUTP
2019 F1 0230 POP  PSW
2D1A DE 30 0240 sUl  30H ;CHANGE DRIVE NUMBER TO BINARY
2D1C FE 01 0250 cPl 1 ;NEXT FOUR INSTRUCTIONS. .
2D1E DA 06 2D 0260 Jc START ;..CHECK FOR CORRECT DRIVE NUMBER.
2D21 FE 03 0270 CPI DRNUM+1
2D23 D2 0€ 20 0280 JNC  START
2026 32 58 2E 0290 STA  DRIVE
2029 21 59 2E 0300 OLD LXI  H,MESG1 ;ASKS FOR FILES BEING RENAMED.
202C CD A3 2D 0310 CALL MESG
202F 21 46 2E 0320 LXl  H,OBUF ;ADDRESSES OLD FILE NAME BUFFER
2D32 CD AF 2D 0330 CALL INAME ;ROUTINE PUTS NAME IN CORRECT BUFFER
2035 DA 29 2D 0340 Jc oLD ;1F CARRY SET, NAME IS TOO LONG.
2038 21 76 2E 0350 NEW LXI  H,MESG2 ;ASKS FOR NEW NAME
2038 CD A3 2D 0360 CALL MESG
2D3E 21 4F 2E 0370 LX1  H,NBUF ;ADDRESSES NEW FILE NAME BUFFER
2041 CD AF 2D 0380 CALL INAME
%833 DA 38 2D gagg Je NEW ;IF CARRY SET, NAME WAS TOO LONG
2047 0410 ; CHECK TJ SEE IF NEW NAME ALREADY EXISTS - USES DLOOK
2DL7 0420 ;
2047 3A 58 2E 0430 LDA  DRIVE
2D4A 21 4F 2E 0440 LXI  H,NBUF
204D CD 1C 20 0450 CALL DLOOK
2050 DA 5C 2D 0460 Jc LOKUP ;IF CARRY SET, NAME WAS NOT FOUND
2053 21 B9 2E 0470 LXI  H,MESGH ;MESSAGE THAT NAME ALREADY EXISTS
2056 CD A3 2D 0480 CALL MESG
2059 C3 38 2D 0490 JMP  NEW ;GET ANOTHER NEW NAME

S-100 MICROSYSTEMS
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Renaming Files cont'd...

2D5C 0500 ; .

2D5C 0510 ; FIND OLD NAME IN DIRECTORY

2D5C 0520 ;

2D5C 3A 58 2E 0530 LOKUP LDA  DRIVE ;PUT DISK UNIT NUMBER IN ACCUMULATOR
2D5F 21 u6 2E 0540 LXI H, OBUF ;HL MUST POINT TO FILE NAME IN RAM
2062 CD 1C 20 0550 CALL DLOOK

2065 D2 77 2D 0560 JNC FOUND ;CARRY IS SET IF FILE 1S NOT FOUND
2D6E 21 A5 2E 0570 LXI H,MESG3 sMESSAGE THAT FILE WAS NOT FOUND
2D6B CD A3 2D 0580 CALL MESG

2D6E 0590 ;AUTOMATICALLY LIST DIRECTORY IF NAME NOT FOUND.

2D6E 0600 ;DELETE NEXT TWO INSTRUCTIONMNS IF FEATURE NOT DESIRED.

2D6E 3A 58 2E 0610 LDA DRI VE ;LOAD DISK UNIT NUMBER

2D71 CD 25 20 0620 CALL DLIST ;LIST THE DIRECTORY

2D74 0630 ;

2D74 C3 0G 2D 0640 JMP  START

2077 0650 ;

2077 0660 ;DECREASE HL BY 8 SO THAT IT POINTS TO BEGINNING OF

2077 0670 ;FILE ENTRY IN DOS RAM

2D77 0680 ;

2D77 11 F8 FF 0690 FOUND LXI D,-8

2D7A 19 0700 DAD D

2076 0710 ;

2078 0720 ; MOVE NEW FILE NAME FROM NBUF TO DOS RAM ADDRESSED BY HL-REG
2078 0730 ;

2D7B 0E 09 0740 MVI c.9

207D 11 LF 2E 0750 LX1 D, NBUF ;POINT DE TO BEGINNING OF NEW NAME BUFFER
2D80 1A 0760 TRANS LDAX D ;MOVE NEW NAME CHARACTER TO ACC
2D81 0D 0770 DCR c

2D82 FE 0D 0780 CPI 0DH ; LAST CHARACTER?

2084 CA 90 2D 0790 Jz SPACE

2087 77 0800 MOV  M,A sMOVE NEW NAME TO DOS RAM

2D88 23 0810 INX H

2D89 13 0820 INX D

2D8A 3E 00 0830 MVI A, 0

2D8C B9 0840 CMP  C

2D8D C2 80 2D 0850 JNZ TRANS

2D90 3E 00 0860 SPACE MVI A0 ;COMPARE C-REG TO ZERO

2D92 B9 0870 CMP ¢ ;HAVE EIGHT CHARACTERS BEEN MOVED?
2D93 CA 9D 2D 0880 Jz NOSPC

2D96 36 20 0890 MVI M. v sFILL DOS RAM WITH BLANKS UNTIL 8 CHARACTERS
2098 23 0900 IMX H

2099 0D 0910 DCR c

2D9A C3 90 2D 0920 JMP SPACE

2D9D 0930 ;

2D9D 0940 ;UPDATE THE DIRECTORY

2090 0950 ;

2D9D CD 1F 20 0960 NOSPC CALL DWRIT ;NORTH STAR ROUTIME TO UPDATE DIRECTORY
2DA0 C3 06 2D 0970 JMP  START

2DA3 0980 ;

2DA3 0990 ; ------- > SUBROUTINES (--=-=----

2DA3 1000 ;

2DA3 46 1010 MESG MOV B, M ;NORTH STAR DOS WANTS OUTPUT IN B-REG
2DAL 3E 00 1020 MV A0

2DAC CD 19 2E 1030 CALL OUTP

2DAY BB 1040 cMp B ;TEST FOR END OF MESSAGE

2DAA C§ 1050 RZ

2DAB 23 1060 INX H

2DAC C3 A3 2D 1070 JMP MESG

2DAF 1080 ;

2DAF 1090 ;SUBROUTINE =~-=-=> |NAME

2DAF 1100 ;

2DAF 1110 ;PUTS OLD AND NEW FILE NAMES INTO RESPECTIVE BUFFERS.

2DAF 1120 ;PERFORMS VARIOUS TESTS TO MAKE SURE THAT:

2DAF 1130 ; NAME 1S NOT LONGER THAN EIGHT CHARACTERS

2DAF 1140 ; NAME HAS AT LEAST ONE CHARACTER

2DAF 1150 ; LOWER CASE IS CHANGED TO UPPER CASE

2DAF 1160 ; SPACES OR CONROL CHARACTERS ARE NOT PART OF MAME

2DAF 1170 ;ALLOWS DELETION OF CHARACTERS

2DAF 1180 ;ALLOWS JUMPS TO LIST DIRECTORY, GO TO N.S. DOS, OR RESTART OF PROGRAM.
2DAF 1190 ;

2DAF DE DA 1200 INAME MVI c,10 ;COUNTS OUT & CHARACTERS AHND CR FOR MNAMES
2DB1 CD 10 20 1210 CALL INPUT

2DB4 FE 03 1220 CPI 3 ;CTRL-C RETURNS CONTROL TO N.S. DOS

2DBG CA 1F 2E 1230 JZ LEAVE

2DBS FE 18 1240 CPI 18H ;CTRL-X RESTARTS PROGRAM

2D0BB CA 1F 2E 1250 JZ LEAVE

2DBE FE 04 1260 CPI L JCTRL-D LISTS DIRECTORY

2DCO CA 1F ZE 1270 JZ LEAVE

20C3 FE 0D 1280 CPI 0DH ;1S CHARACTER A CARRIAGE RETURN?

2DC5 CA CD 2D 1290 JZ SKIP1 ;SKIP NEXT TWO INSTRUCTIONS IF IT IS

2DC8 FE 21 1300 CPI 21H ;15 CHARACTER A SPACE OR LESS?

2DCA DA Bl 2D 1310 JC INAME+2 ;DON'T ACCEPT IF IT 1S,

2DCD FE €60 1320 SKIP1 CPI 601 ;1S CHARACTER LOWER CASE?

2DCF DA D4 2D 1330 JC SKIP2 ;SKIP NEXT INSTRUCTIOM IF IT 1S,
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Renaming Files cont'd...
2DD2 E€ DF
2DDL FE 5F
2DDE CA G5

2DD9
2DD9
2DD9
20D9
2DD9
20DB
2DDE
2DDF
2DE1
2DE2
2DES
2DEG6
2DEE
2DE7
2DES
2DEB
2DEC
2DEF
2DF0
2DF2
2DF5
20F8
2DFB
2DFC
2DFD
2DFD
2E00
2E03
2E0L
2E05
2E05
2E06
2E08
2E09
2E0C
2E0D
2EO0F
2E12
2E15
2E16
2E19
2E19
2E1A
2E1D
2E1E
2E1F
ZELF
2ELIF
2E1F
2E20
2E21
2E23
2E26
2E28
2E2B
2E2E
2E51
2E34
2E37
2E3A
2E3D
2ELD

33
33

CA
FE
CA
C3
21
cD
C3
21
CD
3A
CD
C3

oo
Tt

0D
£E

0A
AF

19
FD

oD
B1

A3

8F
A3

0B

08
19
Bl

Bl

0D

03
2E
oL
37
06
A2
A3
28
A2
A3
58
25
06

0D

2C

2D

2D

2E
2D

2D
20

2E

2E

2E
20

2D

20

2E

Z2E
20
2E
2D
20
2E
2D
2E
20
2D

1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2130
2200
2210
2220
2230
2240
2250
2260

ANI
SKIP2 CPI
Jz

0DFH ;MAKE LOWER CASE UPPER CASE
RUBOT ;WAS IT A RUBOUT?
DELET ;"ANI ODFH' MAKES 'DELETE (7FH)' A RUBOUT.

i
;THE NEXT 7 INSTRUCTIONS MAKE SURE CARRIAGE RETURN IS NOT
;THE FIRST CHARACTER OF NEW NAME. THAT WOULD DESTROY THE FILE.

’

CPI
JNZ
MOV
MV
CMP
JZ

MOV

:

SKIP3 MOV
MoV
CALL
DCR
Jz
INX
CPI
JNZ
LX I
CALL
ORA
RET

ERROR  LXI
CALL
STC
RET

DELET INR
MVI
CMP
JZ
DCX
MV1
CALL
JMP
NODEL DCR
JMP
ouTp PUSH
CALL
POP
RET

;"LEAVE" IS

’

LEAVE INX
INX
CPI
JZ
CPI
JZ
JMP

GO LXt
CALL
JMP

DIR LX1
CALL
LDA
CALL
JMP

{ EQUATES

0BUF DS
NBUF DS
DRIVE DB
MESC1 DW
ASC

DB
MESG2 ASC
DB
ERMSG DW
AS
CRLF DW
DB
MESG3 DW
ASC
DW
Dw
MESGH  DW
ASC
DW
DB
TITLE DW
ASC

0DH ;CARRIAGE RETURN?

SKIP3 ;SKIP NEXT FIVE INSTRUCTIONS IF NOT
D,A ;SAVE THE ACC

A, 10

c

INAME ;CR WAS FIRST CHARACTER - DO OVER
A,D ;RESTORE THE ACC

M, A ;1T'S A GOOD CHARACTER. MOVE IT TO BUFFER.
B,A ;OUTPUT I T

ouTp

C

ERROR ;NAMES MAY ONLY BE 8 CHARACTERS LONG + CR
0DH ;FINISHED ENTERING NAME?

INAME+2

H, CRLF

MESG

A ;CLEAR CARRY - NO ERROR

H, ERMSG ;MESSAGE SAYS TOO MANY CHARACTERS
MESG

;CARRY SET MEANS ERROR

C ; INCREASE COUNT SINCE NAME 1S SHORTENED
A, 11 ;DON'T DELETE PAST START OF NAME

C

NODEL

H ;MOVE BUFFER POINTER BACK ONE SPACE
B,BS ;OUTPUT TERMINAL BACKSPACE CHARACTER
QUTP

INAME+2

¢ ;FORGET ABOUT DELETE

| NAME+2

PSW

couT

PSW
ONLY ENTERED IF CTRL C, X, OR D IS TYPED.

SP ;NORMALIZE STACK SINCE A SUBROUTINE
SP ;WAS LEFT WITHOUT A RETURN.

3 ;OUTPUT CR/LF, THEN RETURN TO DOS.
GO

4 ;1F CTRL-D, LIST DIRECTORY

DIR

START ;IT'S A CTRL-X. RESTART PROGRAM.

H, CRLF

MESG

Dos ; GO BACK TO NORTH STAR DOS

H, CRLF

MESG

DRI VE

DLIST ;LIST DIRECTORY

START

9 ;BUFFER FOR OLD NAME. 8 CHARACTERS + CR
9 ;BUFFER FOR NEW NAME

1

O0DOAH

"ENTER FILE TO BE RENAMED: '

0 ;END OF MESSAGE INDICATOR

'ENTER NEW NAME OF FILE: !

0

0DOAH

"MAME |S TOO LONG.'

0DOAH

0

0DOAKE

'"FILE NOT FOUND'

0DOAH

000AH

0D0AH

'FILE NAME ALREADY EXISTS - PICK ANOTHER HNAME'
0DOAH

0

IDOAH

"THIS PROGRAM REMAMES FILES ON NORTH STAR FORMATTED DISKS.'
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Renaming Files cont'd...
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460

SYMBOL TABLE

BEGIN
DIR
DRNUM
GO
MESG
MESGU
OBUF
SKIP2
TITLE

2D00
2E37
0002
2E2E
2DA3
2EBY
2ELE
2DDL
2EEA

BS
DLIST
DWRIT
I NAME
MESGO
NBUF
oLD
SKIP3
TRANS

oooe
2025
201F
2DAF
2FC2
2E4F
2029
2DE6
2080

couT
DLOOK
ERMSG
INPUT
MESG1
NEW
ouTP
SPACE

GAT-100

for the S-100 bus.

Capture and digitize a video framein 1/60of a
second. Select the best resolution for your
application, from 256 to 1280 pixels
per TV line. Display your digitized \p“’“

or computer processed image ;

with 256 gray levels or 256

colors on standard

BEW, NTSC or RGB

® Variety of synchronization

MESGO

couT
INPUT
DLOOK
DWRIT
DLIST
DOS
RUBOT
STOP

200D
201¢cC
2E8F
2010
2E59
2038
ZE19
2090

DW
ASC

D
ASC
DWW
ASC
7}
DW
DB
bW
ASC
DB
EQU
EQU
EQU
EQU
EQU
EQU
EQU
END

FULL COLOR
GRAPHICS

The original 256-colorimaging system with
high resolution vidleo FRAME GRABBER

® Highest possible quality 480x512x8 digital video

image presently available on the market

@ Input capability from TV camera or other sources
choices

® 2 selectable video A/D conversion circuits
® Choice of 1, 2, 4, 8, 16 or 32 bits per pixel
@ 32K-byte image memory on the basic system
. ILG%I:BEEZSEKbnzanmxcqmdq

SEND FOR FREE CATALOG
E DIGITAL GRAPHIC SYSTEMS

== 441 California Ave.,Palo Alto, CA 94306 415/494-6088

0DOAH
TCONTROL-C EXITS TO DOS

0DOAH
1

CONTROL-X RESTARTS PROGRAM'
CONTROL=D LISTS DIRECTORY'
. 0DOAH
' RUBOUT OR DELETE WILL DELETE THE LAST CHARACTER TYPED'
0ADAH
0DOAH

0

0DOAH

'ENTER DRIVE NUMBER (CTRL-C TO RETURN TO DOS): '
0

200DH ;NORTH STAR COUT JMP
2010H ;NORTH STAR CIN JMP
201CH
201FH
2025H
2028H
S5FH
CRLF 2EA2 DELET 2EQ05
DOS 2028 DRIVE 2E58
ERROR 2DFD FOUND 2D77
LEAVE 2EIF LOKUP 2D5C
MESG2 2E76 MESG3 2EA5
NODEL 2E15 NOSPC 2D9D
RUBOT 005F SKI1P1 2DCD
START 2D06 STOP 2FF3

Software
Consultants

Do you do software customizing? Do
you do software package installation? Do
you provide turnkey systems? Do you run
a programming shop? Full-time? Part-
time?

Starting with a future issue MICRO-
SYSTEMS will publish a directory of
“software shops.” Places where com-
puter customers can go for software
package customizing. Most purchases of
computer software packages find that the
package does not exactly meet their
needs—customizing is required—some-
times this is minor and sometimes it is
major. Our directory will provide low cost
advertising for “software shops.” If you
wish to be listed write to MICRO-
SYSTEMS, Box 1192, Mountainside, NJ
07902 for information.

.
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An Introduction to
Microcomputers, Vol 0 - The
Beginners Book

Adam Osborne. Parts of a computer
and a complete system; binary, octal
and hexadecimal number systens;
computer logic; addressing and other
terminology are discussed in a lan-
guage the absolute beginner can
understand. Hundreds of illustrations
and photographs. 220 pp. $7.95 [9T].

Microcomputer Design
Donald P. Martin. This book is well-
suited for the engineer who's designing
microcomputers into his company’s
products. Not just block diagrams or
vague theory, but dozens of practical
circuits with schematics for CPUs based
on 8008 chips, Includes interfacing to
A/D, D/A, LED digits, UARTs, tele-
typewriters. Over 400 pp. $14.95 [9P).

NOW $11.95

An Introduction to Micro-
computers, Vol 1 - Basic

Concepts

Adam Osborne. Thoroughly explains
hardware and programming concepts
common to all micro-processors:
memory organization, instruction
execution, interrupts, 1/0, instruction
sets and assembly programming. One
of the best selling computer texts
worldwide. 350 pp. $9.50 [9K].

Vol 2 - Some Real
Microprocessors.

VYol 3 - Real Support Devices
Adam Osborne. These volumes com-
plement Volume 1. Vol. 2 discusses the
operation of each of the following
MPUS in detail: F8, SC/MP, 8080A, Z80,
6800, PPS-8, 2650, COS MAC, 9002, 6100
and seven others. Also information on
selecting a micro. Vol. 3 discusses
various support and 17O chips. 895 pp.
Vol. 2 [9L] $25.00, Vol. 3 [10Q] $20.00

Small Computer Systems

Handbook

Sol Libes. The emphasis throughout this
primer is on the important practical
knowledge that the home computer
user should have to be able to
intelligently purchase, assemble, and
interconnect components, and to
program the microcomputer. Only a
minimal knowledge of electronics is
required to use this bock. 196 pp. $8.45
[11D].

Accounts Payable and

Accounts Receivable

Poole & Borchers. Includes program
listings with remarks, descriptions,
discussion of the principles behind
each program, file layouts, and com-
plete step-by-step instructions. Covers
accounts payvable and receivable in
regard to invoice aging, general ledger,
progress billing, partial invoice pay-
ments, and more. 375 pp. $20.00 [10V].

Microprocessors: From Chips

to Systems

Rodnay Zaks. A complete and detailed
introduction to microprocessors and
microcomputer systems. Some of the
topics presented are: a comparative
evaluation of all major microproces-
sors, a journey inside a microprocessor
chip, how to assemble a system,
applications, interfacing (including the
$-100 bus) and programming and
system development. 416 pp. $9.95
[10S].

Programming in PASCAL

Peter Grogono. This book is an
excellent introduction to one of the
fastest growing programming lan-
guages today. The text is arranged as a
tutorial containing both examples and
exercises to increase reader proficiency
in PASCAL. Contains sections on
procedures, files, and dynamic data
structures such as trees and linked lists.
359 pp. $11.50 [10A].

A Simplified Guide to Fortran

Programming

Daniel McCracken. A thorough first
text in Fortran. Covers all basic
statements and quickly gets into case
studies ranging from simple (printing
columns) to challenging (craps game
simulation). 278 pp. $13.50 [7F].

Some Common BASIC

Programs

Poole & Borchers. This book combines
a diversity of practical algorithms in one
book: matrix multiplication, regression
analysis, principal on a loan, integration
by Simpson’s rule roots of equations,
chi-square test, and many more. All the
programs are written in a restricted
BASIC suitable for most microcom-
puter BASIC packages and have been
tested and debugged by the authors.
$12.50 [7M]. *

The Best of BYTE

This blockbuster of a book contains the
majority of material from the first 12
issues of Byte magazine. The 146 pages
devoted to hardware are crammed full of
how-to articles on everything from TV
displays to joysticks to cassette interfaces
and computer kits. But hardware without
software might as well be a boat anchor,
so there are 125 pages of software and
applications ranging from on-line de-
buggers to games to a complete small
business accounting system. A section on
theory examines the how and why
behind the circuits and programs, and
“opinion” looks at where this explosive
new hobby is heading. $11.95. 386 pp.
softbound from Creative Computing
Press. [6F].

The Art of Computer

Programming

Donald Knuth. The purpose of this
series is to provide a unified, readable,
and theoretically sound summary of the
present knowledge concerning com-
puter programming techniques, along
with their historical development. For
the sake of clarity, many carefully
checked computer procedures are
expressed both in formal and informal
language. A classic series. Vol. 1:
Fundamental Algorithms, 634 pp. $23.50
[7R]. Vol. 2: Seminumerical Algorithms,
624 pp. $23.50 [7S). Vol 3: Sorting and
Searching. 722 pp. $23.50 [7T].

BASIC With Business

Applications

Richard W. Lott. This book focuses on
the BASIC language and its application
to specific business problems. Part One
introduces the BASIC language and the
concept of logical flowcharting. Part
Two presents problems and possible
solutions. Topics include: interest rate
calculations, break-even analysis, loan
rates, and depreciation. This book is a
great aid to the beginner wanting to
learn BASIC without having a technical
or scientific background. 284 pp. $11.95
[10Z].

To order: send check or credit card number and expiration date (Visa, Master Card or American Express) plus $2.00 per order
for shipping and handling to: S-100 MICROSYSTEMS, P.O. Box 789-M, Marristown, NJ 07960.
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Running the 2 MHz S.D. Systems’
ExpandoRAM at 4 MHz

by W. Howard Adams

The S.D. Systems’ ExpandoRAM (the original 2 MHz
version) is a quality product; the design examplifies
that dynamic RAM can be of real benefit to a computer
system. This design draws less current than any
conventional static RAM design. The ExpandoRAM is
64K dense, eliminating the redundant, power-hungry
TTL buffering and decoding circuitry necessary in
multi-board memory systems. The board runs at 2 MHz
with no wait states. It is clear that a great deal of
forethought was put into the design since 8080, 8085
and Z80 processor timing differences have all been
accounted for. S.D. Systems did a fine job in
producing a super reliable 2 MHz card!

However, S.D. Systems could have gone further; the
design has the potential to run at 4 MHz, with an added
wait state. The purpose of this article is to save
replacement costs of new memory by allowing 4 MHz
operation through a simple modification.

The first and obvious requirement is to add a wait
state to memory references. Refer to Figure 1 for a
suggested implementation of a single wait state
circuit. With very little time and effort it can be
wire-wrapped in a kluge area, if a wait state circuit does
not already exist in the system.

+5

4 TALST4

74LS04

PRE

74125
povne 32 1. o e
L = Vi
M af 4 al qls
02 =g L~ POWER CONNECTIONS
7aL304 2 +5¥  GROUND
T4LS04 b 7
1 74LST4 14 7

Figure 1
Adding One Wait State
(Every Memory Reference).

The second requirement is that the system’s Z80
processor card must generate RFSH (refresh, active
low) onto bus pin 66 which is used by the RAM board
for refresh. Assure that on the ExpandoRAM card, E11
to E12 is jumpered and E10 to E12 is open. The
ExpandoRAM'’s refreshing is now under the complete
control of the Z80’s timing.

W. Howard Adams, Eagles Computer Works, P.O. Box 22664,
Denver, Co 80224
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Before presenting the last requirement, some
discussion of the board’s only shortcoming is in order
so that the modification will be better understood.
Refer to the timing diagram in Figure 2 of this article,
and to the schematic in the ExpandoRAM manual.

The problem is the generation of memory REFRESH
CYCLEs which last much too long and run into the next
M-cycle timing, completely obliterating it! As a fix was
being sought, it was interesting to note how close to 4
MHz the board can work. While running a memory test
there really were very few errors, and the addresses at
which errors did occur were randomly located. This is a
classic symptom of refresh interference!

The timing diagram of Figure 2 has one wait state in
it, and is of an M1 cycle. Its inherent transparent
REFRESH CYCLE occurs during the T4 state. Notice
that the M1 and RFSH bus signals are for all intents
and purposes the same signal, only the definitions of
their active states are complemented. On the RAM
board schematic observe that the RFSH signal
eventually triggers one-shot U5-10, and a REFRESH
CYCLE begins. U5-5 goes high, and U5-12 goes low
throughout the REFRESH CYCLE, resulting in four
occurances necessary to successfully refresh the
RAMs.

First, U5-12 going low blocks the TIME-OF-CAS
signal at U13-1 from being seen at U13-3 during a
refresh. This permits the so-called RAS only REFRESH
CYCLE, which is desirable.

Secondly, the active low at U5-12 also causes U8-8,
6, 11 and 3 to all go high enabling RAS drivers outputs
at U3-8, 6, 11 and 3 to go low at TIME-OF-RAS. This
produces the refresh RAS at all banks simultaneously,
giving the RAM array its breath of fresh air.

Thirdly, U5-5 enables the refresh addresses of U11
and U15 to the RAM array by raising Select (pin 1) of
the U21 and U16 multiplexers high.

Finally, after a time delay through R1 and C6 at U9-1,
and onto U10-5, the active low leading edge at U10-6,
defined as MEMORY CYCLE, triggers U5-1. Firing this
one shot produces the TIME-OF-RAS signal, and a
REFRESH CYCLE starts.

The timing diagram clearly differentiates between
the M1 opcode fetch and the refresh portion. Note how
long the REFRESH CYCLE waveform at U5-5 lasts past

S-100 MICROSYSTEMS
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® Complies with [EEE S-100 specifications
® Transfers data in 8 or 16 bit words
® 30 KHz throughput standard
I ® 12 bit accuracy standard
® Jumper-selectable for 16 single-ended or
8 true differential channels
® External trigger of A/D
® Provision for synchronizing A/Ds
® Data overrun detection
® Data is latched providing pipelining for
higher throughput
® Input ranges: +10V, +5V,0to +10V, 0 to +5V
® Qutput formats: Two's complement, binary,
offset binary

® Auto channel incrementing

Programmable gain up to 500

14 bit accuracy

16 bit accuracy

Screw terminal and signal conditioning
panel with optional thermocouple

cold junction compensation

LI AT

Tecmar's new A/D and Timer Board is designed to meet sophisticated data acquisition &
needs. The board can accommodate various A/D modules providing options such as 12,

14, 16 bit accuracy; 100 MHz throughput; variable ranges and gains. It contains a powerful
timer circuit (AMD 9513) which can start A/D conversion and can also be used independ-
ently for time of day, event counting, frequency shift keying and many other applications.

q TM-AD200 FEATURES

TM-AD200 OPTIONS

_——

Y

® |/O or memory mapped
® (tilizes vectored interrupt or status test of A/D '
® Provision for expansion to 256 channels

TIMER FEATURES

® 5independent 16 bit counters (cascadable)
15 lines available for external use

® Time of day L
® Event counter

Alarm comparators on 2 counters

One shot or continuous frequency outputs
Complex duty cycle and frequency shift
keying outputs

Programmable gating and count source selection I
dtilizes vectored interrupt

® 100 KHz throughput with 12 bit accuracy
® | ow level, wide range (10mV to 10V FSR)
permitting low level sensors such
as thermocouples, pressure sensors and

strain gauges to be directly connected to
the module input

TECMAR, INC.
(216) 382-7599
e

mar

. .
| r data acquisition needs are simple, the original Tec
1;3{%1-6 A/D Board will meet your needs. -

TM-AD100 FEATURES R

C lies with IEEE S-100 gpec1fyqal 0 s
: 1gn<3:;rrJlgle-ended or 8 true differential €
e 12 bit accuracy

e 25 KHz throughput
e |/O or memory mapped

+5V
e Input ranges: =10V, 45V, 0 to +10V, 0 to
L Mlpn'lmal software required.
—__#g_—— —-——-'___"'_
s-100 BOARDS o PET?
8086 CPU $450 TR
W/vectored interrupts
RAM $395 . A
| 8Kx16/16Kx8 . > 111 ?g?épeed
PROMI/ » 8 Ch Differential
iy $350 » 16Ch. Slngle;ar}des‘;gs
s Ellr;fc'io p» Each A/D Module
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Pa‘rrallel 1/O $350 TRS-8 PET expansiort
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board, power supp
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‘on. Tecmar's D/A Boar
oy Iog conversion, Is.
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four independent 12 bit high spee / $395 ‘
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DA100 FEATURE o
° Enc)ﬂmpﬁes with IEEE S-100 spemflcatl:[i\eer.
e 4 independent digital to analog conv

e 12 bit accuracy

e 3 psec settling time

ory mapped "
: l(/)gtgﬂfr‘:%ez 425V, £5V, £10V,0to +5

V .
e S-100 Real Time
Video Digitizer
KIM® ( alr'i\gepﬁl;tg) e Digitizes and Displays in
availa §

1/60 sec, flicker-free
e 16 Gray Levels

D/A

Each D/A Module $395
nd enclosure $200.
ly $150.

12Bit 4 e Switch Selectable to
, d < ‘splay Black and White
Hfgﬁg::e‘ = %?gpah){cs (8 pixels/byte)
« e Maximum Resolution:
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e Minimal software
requirements $850
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Waveforms Below Relate Timing Before Modification:

to

Refresh }

Next Cycle ———

expected.
4) A wait state is pulled in this timing diagram.

the alloted time for refresh! The culprit is: this signal
lasts too long! As long as this signal is high, U10-6 is
forced low, and no new cycle can begin and is therefore
totally lost due to the synchronous nature of the S-100
Bus.

One quick fix could be shortening the REFRESH
CYCLE timeout by reducing the value of R3 from 6.8K
ohms. This is not a good method, since a one-shot
does not provide consistent precise timing. There is an
easier way which guarantees proper results without
any component changing or trace cutting. Only one
jumper is required. The proposed modification will also
work should the board be returned to 2 MHz operation,
so long as RFSH at pin 66 is provided.

The modification is simple. Pull U5 from its socket.
Bend U5 pin 11 outward, and replace U5 back into its
socket, assuring that all but pin 11 are in the socket.
Run a jumper from U5-11 (which is hanging out) to
U19-6. This jumper should be installed on the
component side of the board, and dressed by running it
under capacitors so it will not snag on neighboring pc
boards during installation and removal.

A look at the timing diagram relates how the fix
works. The new REFRESH CYCLE is cleared 100
nanoseconds sooner, and observe that the next
M-cycle’s trigger had been previously masked. The fix
produces the necessary TIME-OF-RAS which had been
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r—— M1 Op-Code Fetch I—-
M1,U24-3 760 . 1280 _
RFSH, }
U195 780 s
REFRESH CYCLE |
U & [ L —
TIME-OF-RAS, e 530 350 \ 1220 /1740
u3-2 ‘
TIME-OF-CAS, e 630 1000 1320
U131
MUX, =
u22-1 /210 580 / 960 N\ 1260
MEMORY CYCLE, | \ I
U10-6 N ~ /a%0 T\ 8% /1440 /1560
|
Waveforms Below Relate Timing Changes After Modification :
REFRESH CYCLE,
Us-5 / 830 \, 1320
MEMORY CYCLE J ______
U106 o \lee / as0 850 1380 1440
TIME-OF-RAS 210 530 890 1220 1480
eorms |/ \ / \ L
NOTE: 1) Times are in nanoseconds
2) Times relative 1o rising edge of M1.
3) Dotted lines represent ‘ghosting’, which are Figure 2

Timing Diagram—SDS ExpandoRAM
(Driven by 4 MHz Intersystems
Z-80 CPU Processor Board)

lost. Refer to Figure 3 for the schematic changes
necessary to correct the original.

The modification now keeps the REFRESH CYCLE
one-shot cleared during non-refresh time. When it is
time to do a refresh, the clear is removed, allowing the
one-shot to fire. At the end of the REFRESH CYCLE, as
defined totally by the bus signal RFSH, the

P

*See Text

E12* E11*

—_—0

us

11

LY
rFAY

+ 5V

Schematic Changes Caused by Modification

1) U5-11 Removed from Logic 1 (i.e., +5V)

2) U5-11 Connected to U19-6 (or E11, or E12)

3) Only pertinent I.C.'s and pins are related
that exist on the ExpandoRAM Card.

Figure 3
Modification
Schematic—SDS ExpandoRAM

S-100 MICROSYSTEMS



modification clears the one shot efficiently and
asynchronously.

The 2 MHz ExpandoRAM should now function at 4
MHz with its required wait state without sacrificing
system throughput too drastically. (The particular
board used to find this fix is populated with 250
nanosecond RAMs, and the only wait state needed is
during the shorter accessing of the M1 cycle. So this
system is hardly being held back at all!)

So go ahead and spend that memory replacement
money on the new peripheral you've wanted for so
long. There’s still plenty of life in the 2 MHz
ExpandoRAM with this new 4 MHz system! L]

WRITE FOR S-100 MICROSYSTEMS

5-100 MICROSYSTEMS

is always looking for quality
articles on software, hardware and
product reviews related to S-100systems,
/ CP/M, Pascal, etc. To receive an author's
guide, send a stamped self-addressed
envelope to: S-100 MICROSYSTEMS,
Box 789-M, Morristown, NJ 07960.
Payment for published

-

\\ articles is based
/ oy on the printed
L page length.
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CATCH THE

S-100 INC.

BUS! @ LIST SGIPE%?AL
PRICE CASH

Integral Data—"*Paper Tiger"
440-G U/L Case w/Graphics

S.D. Systems PROM 100

1195.00  950.00

Programmer Kit 200.00 *171.00
Godbout 3P+S Interfacer Il

“Unkit"’ 199.00 170.00
North Star Z-80A 4MHz CPU A&T 299.00 255.00
Morrow Design Discus Il D Dual

Density 8" Disk System

w/CP/M** 1199.00 979.00

*Included free with every S.D. Systems Board is
an additional $25.00 manufacturers rebate coupon.

“"CP/M is a trademark of Digital Research

Subject to Available Quantities  Prices Quoted Include Cash Discounts
Shipping & Insurance Extra.
We carry all major lines such as
$.D. Systems, Cromemco, Ithaca Intersystems, North Star,
Sanyo, ECT, TEI, Godbout, Thinker Toys, Hazeltine, IMC
For a special cash price, telephone us.

BUS « s v S-100.inc.

Address .. ... 7 White Place
Clark, N.J. 07066

Interface ....201-382-1318

Hours:
Mon.-Fri.
10 AM.-6 P.M,

S-100 MICROSYSTEMS

At Last!

HIGH RESOLUTION
S-100 GRAPHICS

Unretouched photograph .

OPTIONS:

e 16 COLORS
e GREY LEVELS
¢ LIGHT PEN
o SOFTWARE

512 x 640 DOT RESOLUTION
S-100 PLUG IN

COMPLETE INTERFACE
ON-BOARD MEMORY
ASSEMBLED & TESTED FROM

(Dl

Send for brochure and data

CAMBRIDGE DEVELOPMENT LAB
36 Pleasant St., Watertown, MA 02172

6809 )-100 @S

SINGLE BOARD COMPUTER

e MEETS L.E.E.E. S-100 STANDARD
& ¢ 10 addressing modes
& « 24 indexed sub modes
© e autoincrement/decrement
s constant indexing from PC

e 4K/8K/16K ROM +« 2K RAM
ROM/RAM relocatable on 4K boundary

e ACIA; PIA; 8080 SIMULATED 1/0

e 20 PARALLEL 1/0 LINES -+ 256 1I/0 PORTS
ACIA provides RS-232 lines for asychronous com-
munications with limited modem control at 8 select-
able baud rates; /0 locatable atany 4K boundary

e COMPREHENSIVE MANUAL WITH
SOFTWARE LISTINGS

e P.C. BOARD: SOLDERMASKED WITH
PARTS LEGEND
P.C. Board & Manual $69.95* + shipping

¢ adsMON: ADS MONITOR SUPPORTS
BREAKPOINTS
User definable interrupt service & more.

Available in PROM, write for prices.
lllinois residents add sales tax. *add $1.00 for shipping & handling

Ackerman Digital Systems, Inc.
110 N. York Rd., Suite 208, Eimhurst, Ill. 60126 (312) 530-8992
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Pascal Speed Comparisons

by Fred Greeb

How fast is Pascal? Current advertisements for
UCSD Pascal state “A UCSD Pascal program executes
up to ten times faster than a comparable BASIC
program”. Since | recently acquired UCSD Pascal this
statement led me to conduct a speed comparison
between Pascal and the other programming languages
available to me.

The four languages used for the comparison were
Microsoft Extended Basic, version 4.51; CBasic-2,
compiler version 2.01, interpreter version 2.03;
Microsoft Fortran, version 3.2; and UCSD Pascal,
version 11.0. With the exception of Fortran, these
languages are all interpreters, operating on an
intermediate code which is either generated directly as
the program is entered (for Microsoft Basic), or
generated by a separate compilation process. Fortran
operates as a true compiler generating native machine
code.

Four programs were used for the test. These
programs are presented in Table 1. The first program is
a simple do-nothing loop; the second includes
addition, multiplication, and division with in the loop;
and the third adds a subroutine call within the loop.
The fourth program adds the process of raising a
number to a power. Since my UCSD Pascal manual
states that there is no explicit provision for this
process, it is handled as a programmed function for all
four languages.

The results of the test are shown in Table 2. All
programs were run on my Altair 8800 system, which
uses an 8080 microprocessor with a 2 Mhz clock. The
execution times were measured between the printout
of the “start” and ‘“done” messages within the
programs, using the seconds display of a digital
watch. Each program was run three times, with the

Fred Greeb, 1915 S. Cape Way, Denver, CO 80227

48

Execution time in seconds

Program Program Program Program
Language A B C D
Microsoft Basic 7 13 14 63
CBasic-2 28 51 52 653
Microsoft Fortran 1/2 7 8 53
UCSD Pascal 6 7 8 103

Table 2. Timing Comparison Results

average time presented in the table, to remove
potential timing errors.

| am not going to attempt to interpret the results of
this test, but the following observations do seem
appropiate. First, | have only had access to Pascal for a
few weeks and am not yet very familar with its
operation. Therefore, | chose simple programs (and
program structures) which could easily be programmed
similarly in the four languages. Second, these tests
primarily compare the floating point arithmetic
capabilities of the four languages, rather than any
other of the capabilities or features they may possess.
Since this is a common feature of many of the
applications | am involved in, it is an area of primary
interest to me. The poor showing of CBasic in this
application can be partially attributed to the fact that it
carries 14 digit precision for all real variable
operations. To achieve this same precision with the
other languages would require double precision
variables, which would undoubtably slow them down.

A more thorough timing comparison of Pascal with
other languages would be of interest to me. However,
this project will have to wait either until | become more
familar with Pascal (and have time to do the
comparisons), or until someone else undertakes such a
project. O

S-100 MICROSYSTEMS



Basic

CBasic

Fortran

Pascal

Program A

100 DEFINT K

200 FRINT"START"
300 FOR K=1 TO 10000
400 NEXT

SO0 FRINT*DONE"

400 STOR

700 END

FRINT*START"

FOR KZ = 1 TO 10000
NEXT

FRINT"DONE*

BTOF

ENEY

WRITECL» 1000
DO 100 K = 1,10000

100 CONTINUE
WRYTECL»2010)
STOF

1000 FORMATCLXy "START ')

1010 FORMAT CLXy "DONE ' >
END

FROGRA&M CHMARK 7
g fes

NF\III:LN( 'START ') #
FOR K 2= 1 TO 10000 DO

100

Program B

100
200
300
400
500
&00
700
800
200

TART"
TO 1000

33. 24

START"

FOR K% = 1 TO 1000
A = XAZGE H XKbL 2
T

ANT T DONE"

WRTTE 1Ly 1000)
0 ]UU K 11000

1000 l’[ WMAT (1Xy "GTART ")
1010 FORMATCLXy DONE ')

XN

FROGRAM CHMAORK 3
VAR HKIIN
Xy iR
N

332495
FLNC T START ' ) ¢
TO LOOO DO

X/770 % XKb23

WRT H-TLN( TDONE " 2 3
EENID -

514

Table 1. Programs Used for Comparison

it XKLL

iob XKbe D

Program C
100 X
200
300 START!
400 TO 1000
500 +OXKE .2
550 omsuw B850
&00
Z00
300
850
@00
POR K% = TR 1000
A X705 b XKEL 2
GOSUE 100
NEXT
-ﬁrni"DoNr
100 ETURN
:(|»1000)
DO 100 K = 1,4000
= X705 o XREL 2D
CALL DUMMY
100 CONTINI
WRITE (L »1010)
STOF
1000 FORMAT CLXy ' START " )

1010 FORMAT CLXy "DONE " )

= DUMMY

FF\fJ(.r\hH F NC HM‘-\F\F

N(*E;1nr\r'),
1T 1000 DO

EEGIN
A s X780+ XXKE.EG
DUMMY 3

I XE

Program D
100 FNFCE XY = EXFOXKLOGCED )
200 “INT K
300 1
400 .‘I. . f.'i?
500 F START"
&H00 FCI!" I~’"".I‘ TO 1000
700 FC(XeY)
8200 X=X+1
200 '

1000 F'F\INI“'!’)HNE *
1100 STOF
1200 END

1.0

TO 1000
FNFOWER(XyY)
3 + 1.0

)
TTE(Ly1000)
DO 100 K L»21000

o= POWER XY )
= X o4+ 1.0
1o0 CONTINUE
ITE(Ly1010)

Loo0 MAT CLXy ' START ')
1010 FORMATC1L Xy "DONE ")
ENE

FUNCTION ()

FOWER
RETURN
END

W73
NCOETART )3
=01 TO 1000 DO

FOWER(X»Y) 3
X+ L.0%

END 3
WRITELNC"DONE ' ) $
END

FNG FOWER CE X = EXFOORLOG CED )

X OXRALOGCED)




HARDWARE PRODUCT REVIEW

The ADS Noisemaker Board

by Steve Levine

PART-1 Building and testing this dual programmable sound generator kit.

The Ackerman Digital Systems NOISMAKER
isan S-100 standard board incorporating 2 General
Instruments AY3-8910 integrated circuits. The
8910 is a large scale integrated circuit which can
produce a wide variety of complex sounds under
software control. Once the internal registers have
been programmed, sound will continue to be
produced, allowing the processor’s time to be used
for other tasks.

KIT DESCRIPTION

Construction of this kit was quite simple. It
should pose no problem for the novice or
experienced hobbyist. Adequate documentation
was included with the board consisting of a brief
overview of the 8910 chip, clear assembly
instructions and a good parts list. Using only the
schematic diagram and parts list supplied, | had it
going in a little over an hour. The circuit board is
good G-10 solder-masked plated through
construction.

Included on the board is a 1 watt audio amp,
which can be connected directly to a speaker for
output. The edge fingers for both the bus and
interface connectors are gold plated. A very nice
feature of the board is the plated through ’kluge’
area provided on the right hand side. | found this
particularly handy for adding a second audio
amplifier chip or anything my imagination could
muster.

Provisions are made for the 2 Mhz system
clock to be used as the time base for the
synthesizer. There is also a custom clock
prototype area with enough room for the 3.57945
mhz crystal clock circuit that G.l. calls for in the
data sheet. ( This frequency facilitates using an
equally tempered scale [ETS] set of numbers for
the tone generators. ) This area is supposed to be
designated for adding a wait state generator, but
will serve in the above capacity just fine.

Note: The manufacturers of the board advise
using wait states with a 4 Mhz system ( this is an
inherent limitation of the AY3-8910 IC).

Steve Levine, 907 East Butler Ave., Ambler, PA 19022
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Another feature of the PSG is the on board i/o
ports. ADS brings three of the four 8 bit ports out to
the edge connector on top of the card. The fourth
one is routed to the kluge area. In computer music
experimentation you will undoubtedly find a use for
these lines, say for scanning a keyboard to
facilitate an input device.

OPERATION

The board is addressed in the 1/O map of a
standard S-100 system. It occupies 4 concurrent
I/O addresses. Using the dip switch -- select the
starting block of four I/O addresses you want the

board to appear in. | chose 0 Hex for simplicity.
Address bit 0 1 Looking at:
< ALADRA > 0 0 Latch address for psg 'a’
< ADATA > 0 1 Register data for '/ 'a’
< BLADRA > 1 0 Latch address for " 'b’
< BDATA > 1 1 Register data for " 'b’

By writing the desired register number to the
ALADRA or BLADRA /O port on the noismaker
board, and then writing the value to the ADATA OR
BDATA 1/0 port, simple tests can be performed on
all the different registers.

The ADS NOISEMAKER takes very good
advantage of the AY3-8910 for the S-100 bus. With
an assembly language driver and a good high level
language such as PASCAL or FORTH, one can
easily implement a tiny music composition and
performance system. The 8910 is not a
complicated device to wuse, but a good
understanding of the PROGRAMMABLE SOUND
GENERATOR will of course be necessary. Referto
architecture chart and diagram for the following
discussion:

The AY3-8910 Programmable Sound
Generator is a 3 channel digitally programmable
synthesizer in one IC. There are 16 internal
registers which are individually addressed , into
which tone, envelope and control information are
loaded prior to producing a sound. Included on chip

S-100 MICROSYSTEMS



are rlegister decoding and data bus buffering
Circuitry. Upon a RESET ( negative ) all registers
are reset to zero.

Each chip contains the following :

* 1 1/0O enable, mixer control register
* 3 - 12 bit tone generators

* 3 - 4 bit amplitude control registers
* 1 - 5 bit noise generator

* 1 - 16 bit envelope denerator

* 1 - 4 bit envelope control register

* 2 - 8 bit parallel I/Oports

Individual registers can be set to specific
values for producing sound. Refer to architecture
chart. There are 3 individual 12-bit tone
generators. When a 12-bit number is loaded into a
set of tone period registers, the value is then
latched. The clock input is divided by 16 and again
divided down by a decimal value equal to the tone
period registers. When the counter reaches zero,
the register containing the original number is
reloaded into the counter and the process is
repeated. The result is a continuous square wave
tone , whose period is a function given by the
following equation :

TONE FREQUENCY ft= clock/(16TP)

where:
clock = frequency of clock to AY3-8910
TP = 256* coarse tune + fine tune
coarse tune = Coarse tune register value
fine tune = Fine tune register value

(Numbers are assumed decimal)

Register 7 is used to control the selection
(mixer) of either tone or noise or both, for a
particular channel. Registers 8, 9 and 10 are
amplitude control registers. By settingthe mode bit
low, the processor can directly control amplitude of
a channel with the remaining 4 least significant bits
of these registers. With the mode bit high, envelope
control is passed to the envelope generator
section.

To produce a simple sound you would first set
the mixer to the desired configuration, then using
the amplitude register correspnding to that
particular channel, set the amplitude level from O
to 15levels of loudness. When noise is selected on
any or all of the channels the above formula can be
similarly applied to calculate the 5 bit noise period
as follows:

NOISE FREQUENCY fN = clock/ 16 NP
where:

NP = 5 bit noise pericd value

For an envelope period calculation:
ENVELOPE FREQUENCY fE = clock/ 256 EP
where:

EP=256 Coarse envelope period+Fine envelope
period
clock=frequency of clock to AY3-8910
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Using the above formulas, and a 2 Mhz clock,
we can obtain a usable range of tone frequencies
from 30.5 hz. to 125 Khz. With the noise generator
period value we obtain a noise range of 4 Khz. to
125 Khz. The envelope generator has the more
sophisticated control features of the PSG.
Envelope period can be calculated to 16 bits
resolution. A usable range for the envelope period
would be 0.12 hz to 7812.5 hz. This period will
control the frequency of the envelope generator.
Envelope shape/cycle (4 bits ) provides a function
control for the envelope generator. Referring to the
envelope shape diagram, HOLD, ALTERNATE,
ATTACK, and CONTINUOUS bits control envelope
generation in conjunction with the envelope period
registers. This particular function could be
discussed in endless detail, but the manufacturers
of the 8910 have greatly simplified this with the
envelope shape diagram. Experimentation with this
module is probably the best way to fully understand
it's capabilities.

In a future article, | will discuss software and
hardware for a complete music system, which is
written in FORTH. A musical keyboard with
polyphonic and velocity sensitive capabilities will
be used as the musical input device.

| consider the ADS NOISEMAKER is an ideal
and inexpensive way for an S-100 system owner to
experiment with computer music.

| welcome correspondance related to this
article and computer music generally. O

SURPLUS INVENTORY

22 MHz
977 BANDWIDTH

SOLID STATE MONITORS: Sylvania 12" B&W CRT, 22MHz
video bandwidth, 800 line resolution! ASL Model C12ACB. OEM
tabletop style without case. P4 phosphor. Inputs = separate video, horiz
& vert. pos. sync pulses at nominal TTL/CMOS levels. Any sweep rate,
10-20 KHz. 115 VAC. Simple TRS-80 hookup, add 2 jumpers. With full
maint. mainual incl. timing, schematics, TRS-80 hookup etc. Slightly
used and like new, checked, $88. Used, checked, noburns ........ $77

FLOPPY POWER SUPPLIES (6 OUTPUTS): North #3676
brand new in orig. foam boxes. 5V/3A, 24V/1.2A, 16V/2.6A (all
adjustable, w/QV prot. & curr. limiting): 12V/0.1A, -24V/0.3A (both w/OV
prot.); -12V/0.1A (adj.). Fully regulated, linear, partially encl., w/schts &
assy. dwgs. 3.5x5.5%14", 115VAC. Will run 1 typical 8" floppy or drop
the 16V to 12 and run 2 or 3 minifloppies .............cvviennnn $44

S100 CORE SALE: Brand new. tested Ampex core. See article "IT'S
TIME FOR CORE" (9/79 Kilobaud p. 34) which describes an easily buili
interface between this core and an S-100 machine. But ignore the prices
in the article! Sale priced, including large documentation pkg. Non-
volakile: TBIK=DVIE:DORITS. o ... s s mosics sy s sis s s e s $199.
Add $4 for schematics of core

OTHER SURPLUS BARGAINS: LETTER QUALITY ASCII KSR
TERMINALS, Perkin Elmer Carousel 20ma $1600, RS-232 $1800. FOB
PORTACOM portable terminals w/built-in coupler, 110 baud, impact,
technician special, AS-1S $250, checked $450, FOB

WRITE OR CALL FOR FULL SPEC SHEETS ON SPECIFIC ITEMS.

TERMS: UPS included 48 states except FOB items. UPS COD add
$2.00. VISA & MC add 4%. NJ add sales tax. Everything guaranteed
working to specs. Immediate shipment or immediate refund. Phone
orders and questions are welcome

ELECTRAVALUE INDUSTRIAL
P.0. BOX 157-M (- Phone orders
MORRIS PLAINS, NJ 07950 1 are welcome.

3y 201/267-1117
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Evaluating the New 8088 Microprocessor

This article compares the new Intel 8088 8-bit microprocessor to the
Motorola 6809 and several other processors.
This report was furnished by a source within Intel who requested that his name
not be disclosed. He did however give permission to reprint the report.
Some editing was done on the report to improve readability.

8088 ASSEMBLY LANGUAGE BENCHMARKS

Following is a summary of 8088 implementations
of the four benchmarks analyzed in the article entitled
‘Assembly Language Benchmarks’ written by A. Flippin,
which appeared in the March 1980 issue of KILOBAUD
magazine. The reader should refer to the actual article
for a detailed explanation of each benchmark and the
criteria used for evaluation.

The 8088 is compared against the following
machines (listed in order of overall performance
ranking).

370-145
LSI-11
9900
Z80
6502
6800
8080
6100
1802
SC/MP

The new ranking now is:

8088
370-145
LSI-11
9900
Z80
6502
6800
8080
6100
1802
SC/MP

All timings are calculated for the standard speed
(5mhz) 8088. The 8mhz version, expected about the
middle of '81, will provide even better performance!

Intel claims therefore that “The 8088 is clearly the
highest performance 8 bit microprocessor in the world!”
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Editor

Benchmark - Table look up

Number of instructions- 8 rank - #1 (tie 370,LSI-11,9900)
Memory utilized (bytes)-20 rank - #2

Execution speed (uS) -58.8 rank - #1

Benchmark - Block move

Number of instructions- 11 rank - #1 (tie 370,LSI-11,9900)
Memory utilized (bytes)-23 rank - #2 (tie 8080)

Execution speed (uS) -1075.6rank - #2

Benchmark - Jump Table

Number of instructions-3  rank - #1 (tie LSI-11)
Memory utilized (bytes)- 10 rank - #1 (tie LSI-11)
Execution speed (uS) - 10.2 rank - #2

Benchmark - 16 bit multiply

Number of instructions-2  rank - #1 (tie 370,LSI-11,9900)
Memory utilized (bytes)-8  rank - #1 (tie 370,LSI-11,9900)
Execution speed (uS) -16 rank - #3

Figure 1

Averages by Benchmark

Table Lookup Block Move Jump Table Multiply
rank index rank index rank index rank index
#1 .66 #1 71 #1 .56 #2 2

Figure 2

Averages by Category

Execution Time Ease of ProgrammingMemory Utilization

rank index rank index rank index
#1 .47 #1 .490 #1 .64
Overall
rank index
#1 .53
Figure 3

8088 Versus 6809

In an effort to determine which microprocessor
actually delivers the most performance, the Intel 8088
was compared to the Motorola MC6809. Nine programs
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were written, and the two processors were compared
on the basis of execution speed, ease of programming
(number of lines of code), and memory efficiency. The
results in the table below show that the 8088 signifi-
cantly outperformed the MC6809 in all three catagories.

SPEED LINES BYTES

signed and unsigned multiplies and divides, and string
processing instructions with optional repeat prefixes.
The register set of the 8088 is also extremely versatile
with four 16-bit accumulators which can be used as
eight 8-bit registers, four pointer registers, and four
segment registers. The MC6809 has only an unsigned
8-bit multiply and no divide. It has a 16 bit register
which can be used as two 8-bit accumulators or one
16-bit accumulator. The MC6809 also has four pointer
registers.

The Z80 was also looked at, and was out performed
by more than three to one by the 8088 in the adjusted
average for execution speed.

These results clearly demonstrate that the Intel
8088 outperforms the Motorola MC6809 in the cata-
gories of speed, ease of programming, and memory
efficiency. The 8088 also provides a clear upgrade
path to 16-bits with complete software compatability
with Intel’'s 16-bit 8086.

PROGRAM 6809/8088 6809/8088 6809/8088
Computer Graphics 23.44 5.80 4.50
16-Bit Multiply 2.01 7.00 4.00
Vector Add 1.10 1.00 117
Reentrant Call 87 .88 1.02
Computed Jump 64 117 .93
Block Move 2.06 2.00 1.73
Block Translate 1.78 1.30 1.54
Character Search 212 1.13 1.06
Word Shift 3.09 225 1.80
Normalized Average 4.12 2.50 1.97
Adjusted Average 1.86 2.09 1.76
Figure 4

The normalized averages show that the 8088 was
more than four times faster than the MC68089, required
2.5times less lines of code, and was nearly 2 times as
efficient in memory usage. The normalized averages
were greatly influenced by the Computer Graphics
benchmark which requires many 16-bit multiplies and
divides. For this reason an adjusted average was
computed ignoring the highest and lowest value in
each catagory.

A brief description of the benchmark programs
follows:

COMPUTER GRAPHICS...Scales the X and Y values of
an array for a graphics display.

16-BIT MULTIPLY....... Multiplies two unsigned 16-
bit numbers to produce a 32-
bit product.

VECTORADD.......... Adds the elements of two 20

element vectors and stores
the resultant vectorinmemory

REENTRANT CALL ..... Calls a subroutine, saves all
registers, adds paramaters
passed to the subroutine and
returns after restoring all
registers.

COMPUTED JUMP ..... Uses a control byte and a
vector table to compute a
jump address.

BLOCK MOVE.......... Moves a block of data in
memory to another location
in memory.

BLOCK TRANSLATE ... Translates a block of EBCDIC
characters to ASCIL.

CHARACTER SEARCH....Searches a block of memory
for a character.

WORD SHIFT........... Shifts a 16-bit word 5 places
to the right.

These benchmark programs demonstrate the
ability of the processors to perform many of the tasks
typically required of a high performance micropro-
cessor. The 8088 performs so well here due to its
powerful instruction set which includes 8- and 16-bit
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At last—NETWORKING!

SATELLITE
HC

SATELLITE SATELLITE
HC HC

PRINTER

The CDL Network Operating System in your computers will
give you:

SAVI NGS onediskand printercan besharedamong
any number of satellite computers. Hard and floppy disk
versions are available.

POWER il satellites have a full CPM environment.
You can access the largest collection of software available
for microcomputers.

FLEXIBILITY The network software can be adapted

to your input/output hardware. It even adapts automa-
tically to available RAM.

The CDL Networking Operating System is a quality soft-
ware product with excellent documentation backed by
extensive testing.

Write for information.

CAMBRIDGE DEVELOPMENT LAB:
36 Pleasant St., Watertown, MA 02172

Attention S-100
Board Suppliers

We are currently attempting to compile a listing of all
S-100 board and mainframe suppliers and their products.
If you are a manufacturer of S-100 products please send
us a complete set of specification sheets on your products.
We hope to publish this listing in the NOV/DEC issue of
S-100 MICROSYSTEMS.
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Relocatable Code

by Richard H. Mossip

WHAT IS IT?... Relocatable code is a program which
can be run correctly when located at any memory
address. In some computers it can be written directly,
as all memory accesses are processed through an
indexing scheme where a pre-defined constant is
added to each memory address to obtain the address
used in real memory. This is a hardware approach used
on many large machines where the actual address of
any program will be different each time it is run,
depending on what is in the machine with it in a
multi-programming setup. All addresses in a program
are logical, and are mapped by hardware and the
operating system into physical addresses used at the
time. It is much more difficult in micros, particularly
the 8080 & 8085, as they lack an indexed addressing
mode (which the Z-80 has but is rarely used).

HOW DO YOU DO IT?... In the 8080, and other
simple processors which have only direct addressing
(at a specified 16 bit address) or register indirect
addressing (at the content of a specified register-e.g.
LDAX B), when a program requires to run at a different
location all 2-byte addresses located within the code
module (particular program segment to be relocated)
have to be changed to reflect the new location, so that
all jump and call statements have the correct
destination, and all addresses for data are correct.
There are two approaches generally used for this. The
first is usually used for “Page Boundary relocation”,
where a program can be relocated in 256 byte
increments, and only the upper byte of addresses is
changed. Conceptually the same approach could be
used for full relocation, but this is rarely done as it is
more complex. This can be performed with a standard
assembler by making two assemblies; the first ORGed
at 0000 and the second at 100 Hex. These two are then
compared, and a list is made of all locations where a
difference exists. These are the locations which have to
be patched with the correct page location where the
program will reside. The page boundary at which the
program starts is added to the contents of each
location in the list, and the program will now run
without any special code.

Richard H. Mossip, 13 W Buena Vista Way, Bloomingdale, NJ 07403
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The second method uses a special assembler called
a relocating assembler. Examples of this are the TDL
relocating Macro assembler, and the Microsoft ASM80.
In these the object code file produced is different from
that produced by a conventional assembler in that all
addresses generated by a label within the program are
flagged for relocation, while all addresses given as
constants are assumed to be fixed. The program is
loaded into working memory by a special “linking
loader” which adds the appropriate constant to the
flagged addresses (which reference the beginning of
the program as their base) and produces properly
rurining code which can start at any address in
memory.

WHY BOTHER?... Two reasons come to mind which
make this useful in a microprocessor situation. The
first occurs in CP/M, where the operating system
resides at the top of memory in use, and is different for
different system sizes.

System sizes usually only differ in 1K or more
increments, so page boudary relocation is adequate,
and Digital Research only wishes to distribute object
code, thus avoiding the simple approach of re-
assembling with a new origin. There is a program
called MOVCPM distributed with CP/M which contains
a table of all locations requiring change, and accepts
console input of the new system size. This builds in
memory a copy of the code with the new addresses. It
is then written out to disk as the new system, after
having the user-provided parts of the program suitably
re-assembled and grafted onto it with the debugger.
This is a process which requires a certain amount of
operator attention and knowlege, but works well in the
application where it seldom needs to be done.

Where a program must be run in minimum memory,
as in special purpose industrial applications, it is very
convenient to write the program in modules which can
be tested and debugged separately. Once a module is
debugged, one does not want to compile or assemble it
again, to avoid introducing errors in patching several
short segments together to make a long program.
Relocatable code will do this for you. It also enables
you to write code in Basic or Fortran, debug it and
then re-code it a module at a time in assembly
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language, testing as you go-just linking them together
as they are written. If the length of one module is
changed, the required changes to the others are made
entirely automatically at load time. This is the
approach used by the Microsoft ASM80, which
produces code directly compatible for linking with
Basic Fortran or Cobol programs. The format is
totally different from that used by TDL (a modification
of the Intel checksum HEX loader) as the code is only
stored on disk as a bitstream (not located on BYTE
boundaries) to conserve disk space. This is at least a
2:1 compression, and probably better. Details are
given in the manual (barely) and are of little interest to
others.

GILDING THE LILY...... This was clearly too simple,
so the designers rushed out to make it more powerful
(e.g. complicated). The concepts of INTERNAL,
EXTERNAL, and ENTRY labels are needed, if programs
are to be linked together. An address flagged to the
assembler as EXTERNAL means that it is defined in
another module (and must NOT be redefined in this
one). An INTERNAL address label is flagged as
available for access by other external programs. An
ENTRY label is an internal label at which the program
can be entered, rather than referenced. This is used
when modules are placed in a library, and is a name for
which the library can be searched in the TDL system.
All other labels are for internal consumption only and
can be duplicated in other program segments without
fear of confusion.

More details will be given in a later article as |
become more familiar with using the system. O

S-100
4 Channel Serial Interface

Economical interface flexibility for the advanced
amateur or small business computerist
m Industry standard LS| UARTS
m B reversible status and data ports
= Optically isolated current loop operation
® Independent channel operation-
RS-232, 20mA or 60mA current loop
® On-board crystal time base
= One year defect and workmanship warranty

$249% Plus $1.50 postage and handling in the U.S.

THETALABS/INC

10911 Dennis Drive / Suite 405 / Dallas, Texas 75229
(214) 241-1090 Dealer Inquiries Welcome
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DISK DRIVE WOES? PRINTER INTERACTION?
MEMORY LOSS? ERRATIC OPERATION?

DON'T BLAME THE SOFTWARE

Power Line Spikes, Surges & Hash could be the culprit!
Floppies, printers, memory & processor often interact!
Our unique ISOLATORS eliminate equipment interaction
AND curb damaging Power Line Spikes, Surges and Hash.

Evy Clear up Software and System problems E-g

with an ISOLATOR!

ALL ISOLATORS: ® 125 VAC, Standard 3-prong plug
® 1875 WMAX Load - 1 KW/Socket or socket bank
e Balanced Pi Filtered sockets or socket banks
® Spike/Surge Suppression - 1000 Amps, 8/20 usec
(SUPER ISOLATORS offer expended filtering and

Spike/Surge Suppression capabilities)

ISO-1A  -3individually filtered sockets ... . $ 56.95
1SO-4 -6 individually filtered sockets S 96.95
1S0-2 -2 filtered banks; 6 sockets . ... ... 56.95
1S0-5 -3 flitered banks; 9sockets . ...... 79.95

10S5-6

*SWITCHABLE ISOLATORS - ALL ISOLATOR advantages
combined with the versatility, convenience and utility of indi-
vidually switched sockets. Each switch has associated pilot
lite.

ISO-6 -3 switched, filtered sockets .. ..... $128.95
ISO-B -5switched, filtered sockets .. ... .. 161.95
"SUPER ISOLATORS - Cure for severe interference problems.
Useful for Industria applications and heavy duty controlled
equipment or peripherals.

® Dual Balanced Pi Filtered sockets

® Spike/Surge Suppression - 2000 Amps, 8/20 usec

ISO-3 -3 super filtered sockets . ........ $ 85.95
1SO-7 -5Superfiltered sockets . .. ...... 139.95

*CIRCUIT BREAKER any model (add-CB) . ADD 7.00
*CKT BKR/SWITCH/PILOT any model (CBS) ADD 14.00

n PHONE ORDERS 1-617-655-1532

LE/ Electronic Specialists, Inc.

171 South Main Street, Natick, Mass. 01760
Dept.
896
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NEW

PRODUCTS

EXPANDORAM MOD FOR 4MHz OPERATION

J.E.S. Graphics,Box 2752, Tulsa OK,74101
(tel: 918-742-7104) is providing a modification
kit (4 parts) which when installed in an
ExpandoRam Memory Board enables it to
operate at 4MHz, with no wait states. Cost is
$10.00

L o I S e e

DESKTOP PASCAL GRAPHICS
COMPUTER SYSTEM

The demand for lower-cost graphics cap-
abilities has resulted in a new product from
Integrated Research and Information Systems
(IRISystems) Corporation, the ENSEMBLE
120GX. The new product is a self-contained
computer system, packaged in a configuration
that might easily be mistaken for a terminal.
Standard versions are based upon the Western
Digital Pascal MicroEngine, high resolution
graphics, a 15” monitor, 12-slot S-100 stand-
ard motherboard, detachable keyboard, dou-
ble density, double-sided dual floppy disk
subsystem, Z80 alternate on-board MPU,
memory parity, 128KB dynamic RAM, UCSD
Pascal, CP/M, constant voltage transformer,
and printer port for graphics hard copy output.
The ENSEMBLE 120GX can present a 768 X 480
pixel format in 8 X 16 pixel characters; some
of these can be user-defined. Single quantity
price is $9796.

The ENSEMBLE 120GX in its standard
configuration runs under UCSD Pascal and
CP/M. Alternate configurations run only under
CP/M, do not use the MicroEngine, but offer a
Pascal compiler which generates floating
point instructions for the AMD9511 chip. A
low-cost version of the ENSEMBLE 120GX
uses the Z80 MPU, a 9" black and white
monitor, and one 5.25" drives. It costs $3464
in single quantity.

For more information write: Integrated
Research & Information Systems, 10150
Sorrento Valley road, suite 320, San Diego, CA
92121, (714) 457-3730.
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$-100 8088 CPU BOARD ANNOUNCED

ACOM Electronics has released its model
P188 8088-based S-100 CPU board. The P-188
will run in either of three modes: 1) As a
stand-alone processor on S-100 bus, 2) As a
slave processor with other processor cards,
and 3) with one or more additional processors
in a shared processor environment. The P188
emulates all necessary S100 Bus signals.
Numerous jumpers allow configurating the
card to run different operating modes, as well
as static and dynamic memory.

The 8088 processor is an 8086 with an 8 bit
data bus. It has 16 bit internal architecture,
addresses 1 million bytes of memory, and
8-bit/16-bit signed and unsigned arithmetic in
binary or decimal, including multiply and
divide. The introductory price is $385, Tested
& Assembled. For more information contact:
Sam R. Hawes, jr, ACOM Electronics, 4151
Middlefield Rd, Polo Alto, CA 94303; Tel:
(415) 494-7499.

Koo 0

8080/8085 PLASTIC ACTION SHEET

Micro Chart is a multiple color plastic sheet
packed with instant access technical informa-
tion. #100A covers the B080 / 8085 micro-
processors and is the first in a series. Made
from credit card type plastic, it measures 872"
by 11” and is puched for optional notebook
use. Primarily software oriented, it also

includes critical hardware data. It is organized
to save time for professionals, hobbyist, and
students.

Micro Chart is available at many dealers for
only $2.95. Dealer inquiries invited. for mail
orders to Micro Logic add $1.00 for P&H.
shipment is 5 days ARO. Micro Logic Corp.
Dept. CSL POB 174, Hackensack, NJ 07602,
(201) 342-6518

TRS-80 CASSETTE INTERFACE
FOR S-100 SYSTEMS

TRS-80* programs on cassette can be
loaded Into an S-100 system using a hardware
interface and software driver from J.E.S.
Graphics, Box 2752, Tulsa OK, 74101 (tel:
918-742-7104). The hardware is assembled.
Documentation is provided which tells the
user how to relocate loaded programs to the
correct address, find the entry point and link
the program to keyboard input and video
output routines. Included is an example of
how to interface SARGON-II* and TRS-80*
Level-ll Basic to an S$-100 system. Price is
$30.00. *Sargon-Il and TRS-80 are registered
trademarks of Hayden Book Company and
Landy Corp., resoectively.

T S S S >

VERSATILE CPU AND 1/0 CARD
WITH DISK CONTROLLER

The CP/10-l, from Arkon Electionics,
provides on a single S-100 card, all of the CPU
and 1/0O facilities required to construct a
disk-based microcomputer system. This
B0BOA based card features fully vectored
interrupts, 5 programmable interval timers, 24
parallel 1/0 lines, RS-232 serial terminal port
at 110 baud to 76 kilobaud, and an RS 232
pseudo-serial port suitable for printer inter-
face. On-board EPROM (2708 or 2716), with
power on vectoring, allows user memory to
reside from 0000H to DFFFH.

Disk 1/0 supporting IBM 3740 soft sectored
format is provided for up to four 8" or 5%4"”
drives and auxilliary software driven cassette.
All resident 1/O devices may be accessed
either in I/O space or as memory locations
allowing for optimal program /O access. A
CP/M bootstrap and BIOS EPROM (complete
with source listing) is included with the
standard system and custom configurations
are available on special order. Despite its high
functional density the CP/10-1 typically
requires only 8V at .8A, + 15V at .15A and -15A
and -15V at .05A.

Priced at $499.00, the CP/IO-1 is available
from: ARKON ELECTRONIC 409 Queen Street
West Toronto, Ontario.
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4-CHANNEL SERIAL 1/O
FOR $-100 SYSTEMS
Theta Laboratories, a maker of small
computer systems for process control, auto-
matic testing, and other special applications,
has announced the first of a family of specialty
110 and peripheral control boards.

The S10-4 is well-suited for multiple-
terminal systems, of any other application
requiring several serial connections, RS-232 or
current loop. Four UARTs make the channels
independent for Baud rates of 75 to 9600. An
on-board crystal oscillator makes Baud set-
tings independent of the CPU clock. The price

is $249.50.
For more information contact: Theta Labor-

atories, Inc. 10911 Dennis Rd. #405 Dallas,
Texas 75229 phone 214-241-1090.

MULTI-BANK MEMORY CARD

The Digiac MAPS-1001 memory card is
compliant with the IEEE-100 bus standards for
extended memory bank addressing. It has the
following features:

— Two independent memory segments.
Typical configuration—2 segment by 32K
bytes per segment, each origined from OH to
7FFFH.

— Single memory segemtn 16K to 64K
selectable.

— 375ns memory access and 500ns memory
cycle time.

— On-board memory bank address decoder-
Dip switch selectable.

— Utilizes 4116 memory technology.

— Power dissapation less than 6 watts.

For more information contact: Digiac Corp.,
175 Engineers Road, Smithtown N.Y., 11787;
tel:(516) 273-8600.
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SINGLE BOARD COMPUTER (SBC)

The Digiac CT-804 is a complete ZBOA
computer system, on a S-100 card, offering
the features:

— Three (3) independent bi-directional EIA
serial channels with selectable data size,
parity, and baud rate options. Each channel is
supported by a 8251 USART device.

— Two (2) independent TTL 8 bit parallel
output channels with one and one half (112)
TTL 8 bit input channels.

— Power on/reset to on-board Digiac sys-
tem monitor.

— Powerful 3K byte on-board-Digiac system
monitor.

— 1K byte RAM.

— Memory management logic conforming to
IEEE standards-up to 1 megabyte of memory.

— Fully operational vectored interrupt logic.

— |/O byte configuration-Dip switch or
Digiac monitor selectable.

— 2 MHzoroptional 4 MHz operation.

For more information contact: Digiac Corp.,
175 Engineers Road, smithtown, N.Y., 11787:
tel: (516) 273-8600.

LI

THE CHANNEL PARALLEL/SERIAL
1/0 CARD AVAILABE

MicroDaSys has introduced the 4P4S com-
bines four parallel bi-directional data ports (32
I/O bits) with full handshaking and interrupt
control (another 8 1/ 0O bits) for S-100 systems.
In addition there are four serial RS-232 input
and output ports. These serial ports also
operate under full handshaking and interrupt
control. One portion of the board is pre-drilled
and plated through for use as a proto-typing
area for custom applications.

Price of the 4P4S is $199 in kit form and
$299 completely assembled and tested and is
available from MicroDaSys, P.O. Box 36215,
Los Angeles, CA 90036, phone (213) 731-0876.
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MP/M SUPPORT CARD

The Digiac MAPS-1000 MP/M* Universal
support Module is an S-100 card designed to
meet the demands required by Digital Re-
search’s MP/M multi-tasking operating sys-
tem. All input/output, interrupt generation for
task switching, and disk bootstrapping are
resident functions on the MAPS-1000.

The MAPS-1000 is totally compatible with
the IEEE S-100 bus standards. It provides the
business professional or systems designer
with a simple and effective way to rapidly
install and exploit the total benefits of MP/M.

The MAPS-1000 has the following:

— Four (4) independent EIA RS-232C serial
data channels w/jumper selectable data bits,
start/stop bits, parity select, and baud rate up
to 19.2KBPS.

— Two (2) TTL parallel input/output chan-
nels, each with strobe-acknowledge cap-
ability, and latched or transparent output.

— On-board phantom bootstrap prom me-
mory w/jumper selectable enable/disable.

— High accuracy crystal controlled interrupt
generation capability. Required by MP/M for
task switching and time of day/day of week
calculations. Utilizes a proprietary interrupt
count correcting circuit to insure accurate
time calulation for scheduler and TOD
functions. Interrupt rate selectable for either
30 0r60 Hz.

— Software selectable restart vector mode-
supports all 8080 and Z80 interrupt operations.

Complementing the MAPS-1000 are Digiac
developed MP/M xios packages that support
several single and double density S100 disk
controllers. The Digiac developed xios pack-
ages have been preconfigured to operate
exclusively with the MAPS-1000. For more
information contact: Digiac Corp., 175 Engin-
neers Road, Smithtown n.y., 11787, tel:(516)
273-8600.

*Trademark of Digital Research
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S-100 PRINTER INTERFACE

MicroPro has introduced |/ OMaster, a new
S-100 printer interface which adds 30% or
more printer speed performance while red-
ucing user costs by allowing flexible use of
either lower cost letter-quality printers and/or
high speed line printers within the same
microcomputer configuration. I/ OMaster com-
bines four boards in one, featuring two each
serial and parallel ports as well as an
eight-level interrupt control and dual interval
timer circuitry. All |/OMaster options are DIP
switch selectable.

Available from over 350 dealers across the
U.S. and overseas, |/OMaster costs $400
complete and tested with factory warrantee.

For more information MicroPro International
Corporation, 1299 Fourth Street, San Rafael,
CA 94901, (415) 457-8990.
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edit and/or reject any submission.

In each issue of S-100 MICROSYSTEMS we will have this
catalog listing of S-100 system software. If you have a soft-
ware package you are offering for sale and want to be
listed then send us the information in the format shown.
All information must be included. We reserve the right to

SOFTWARE DIRECTORY

Program Name: TED
Hardware System: 24K or larger Z80 CP/M
system
Minimum Memory Size: 20K minimum, 24K
recommended
Language: Z80 assembly
Description: TED is an advanced text editor
which implements an enhanced subset of
DEC TECO commands providing the follow-
ing capabilities for editing of ASCII text.
*36 command/ text buffers
*32 entry push down stack
*sophisticated macro command capability
*conditional and iterative command execu-
tion

*conditional and absolute branching
* multiple open files
Release: Available now
Price: $90.00
Included with price: 8" CPM compatible disk
with object file, TED. COM and compre-
hensive manual (manual $20 if purchased
separate).
Where to purchase it:

Small System Design

P.O. Box 4546

Manchester, New Hampshire 03108
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Program Name: MWP 2.0-MINI WORD
PROCESSING
Hardware System: CP/M
Minimum Memory Size: 48K bytes
Language: Microsoft BASIC
Description: Mini Word Processing enables
the user to prepare letters, text, mailing
labels and envelopes. Information stored in
user defined name and address files can be
inserted throughout a letter or text. Docu-
ments can be assembled from any number of
files stored on the disk, and can be printed
or displayed on the CRT with user selectable
margins, page size, headers, page numbers
and insertions.
Release: Available now
Price: $195 Licence Agreement Required
Included with price: Disk, Manual, exam-
ples, support
Author: The Software Store
Where to purchase it:

THE SOFTWARE STORE

706 Chippewa Square

Marquette, M| 49855
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Program Name: MULTI-USER CP/M
Hardware System: CP/M with 8” floppy disk
Minimum Memory Size: 48K bank switch-
able memory
Language: 8080 machine code
Description: Allows up to four terminals to
be supported from one 8080/Z-80 computer.
Will also support up to four printers.
Lock-out is provided for printer use. System
requires one copy of CP/M 1.4 and an
interrupt board to generate restart 6 every
16-20 MS.. DMA type disk controller is
recommended for faster system perfor-
mance.
Release: Available now
Price: $125.00 List
Included with price: Diskette and Manual
Author: Mark Winkler
Where to purchase it:

Provar, Inc.

6217 Kennedy Avenue

Hammond, Indiana 46323
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Program Name: RF
Hardware System: North Star MDS or
Horizon
Minimum Memory Size: 8K Bytes
Language: Assembler, distributed as object
code
Description: A file renaming utility designed
in the spirit of the disk utilities now supplied
with North Star. With RF a simple one-line
command is sufficient to change a file
name; e.g. the command “GO RF ABC, 2
XYZ" changes file ABC on drive 2 to XYZ.
RF prompts for missing parameters and
generates meaningful error messages, i.e.
“NEW-NAME IN USE.” File renaming is a
high activity function and should not be left
to clumsy, error-prone methods.
Release: Currently available
Price: $7.95 ($1.00 documentation only,
credited to purchase); check or money order
Included with price: Disk, documentation,
postage & handling; specify single or
double density
Author: Jim Hendrix
Where to purchase it:

Jim Hendrix

Rt. 1, Box 74-B-1

Oxford, MS 38655

Program Name: Small-C Compiler
Hardware System: 8080/Z80
Minimum Memory Size: 48K
Language: C
Description: Small-C is a version of the
popular high level language C adapted to the
CP/M operating system. The compiler
(written in C) produces assembly language
for ASM or MAC as its output. The compiler
supports a subset of C and also allows
assembly language to be included within the
C source code with its “#asm...#endasm”
feature.
Release: Available now
Price: $15 plus shipping
Included with price: Manual, 8" single
density CP/M floppy with executable Small-
C, full source code for compiler, the runtime
library, and a demonstration program inc.
Author: Ron Cain, adapted for CP/M by The
Code Works
Where to purchase it:

The Code Works

Box 550

Goleta, CA 93017
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Program Name: Speedy Disk Copy
Hardware System: Mits Altair with 88-DCDD
disk controller & two 8" hard sectored disk
drives.
Minimum Memory Size: 32K RAM
Language: Altair Disk Basic (Rev. 3.4, 4.0,
4.1, &5.0)
Description: The Speedy Disk Copy routine
will copy all or any part of an Altair Disk
Basic or DOS formatted diskette in less than
100 seconds. By comparison, the Altair
supplied PIP utility requires about 40
minutes. The program is self-prompting,
performs both read and write validation
checks with a listing of the location and
quantity of errors upon completion. Re-
corded twice in Altair Disk Basic ASCII
format on 8" hard sectored diskette.
Release: Currently
Price: $19.50 Postpaid.
Author: Joe Konrad
Where to purchase it:

Jack Compute

33 Plant Street

New London, CT 06320
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THE ONLY MAGAZINE BY AND FOR S-100 SYSTEM USERS!
S-100

MIGCROSYSTEMS

At last there is a magazine written exclusively for 5-100 system users. No
other publication is devoted to supporting 5-100 system users. No longer
will you have to hunt through other magazines for an occasional 5-100,
CP/M* or PASCAL article. Now find it all in one publication. Find it in 5-100
MICROSYSTEMS.

Every issue of 5-100 MICROSYSTEMS brings you the latest in the 5-100
world. Articles on applications, tutorials, software development, letters to
the editor, newsletter columns, book reviews, new products, etc. Material
to keep you on top of the ever changing microcomputer scene.

SOFTWARE SYSTEMS
CP/M* Cromemco
Assembler Intersystems
BASIC North Star
PASCAL IMSAI
applications S0OL
and lots more and lots more

HARDWARE

8 bit & 16 bit CPUs
interfacing
hardware mods
“TMK bulletin board systems
Digital multiprocessors R
Research and lots more Edited by 5ol Libes
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Program Name: Master Ledger
Hardware system : CP/M, 48K, 2-8" Drives
Language: CBASIC-2
Description: Master ledger analyzes your
business. It includes 12 month's budgets
plus 12 month account history, making
possible for any tape of financial com-
parisons will show management if they are
meeting their financial goals. Quarterly and
yera-to-date are also available for any period.
Ten different journals, general ledger, trial
balance, and budgets are some of the other
major reports. The input routines were
designed for the operator, easy, fast and
verifies all input. Special features include a
forced audit trail and a forced balancing
system.
Release: Available now
Price: $800.00
Included with price: User documentation, 31
computer programs, warranty
Author: Keystone systems, Inc.
Where to purchase it:

Keystone Systems, Inc.

P.O. Box 767

Spokane, WA 99210.
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Program Name: MCALL (Micro proto' CALL’

& communications program)

Hardware System: 8080 or Z80 under CP/M

serial port connected to an acoustic coupler,

video display terminal.

Minimum Memory Size: 16K

Description: MCALL provides the following

major functions:

1. Time Sharing Terminal emulation.

2. Disk file transfer between PC (Personal
Computer) and TSC (Time Sharing Com-
puter) in either direction.

3. Disk file transfer between two PC's with
error detection and retransmission.

To perform function 3, no coordination
between operators is required. The file to be
transferred is specified by the transmitting
operator; then the transmit command is
issued (ESC T). The specified file is
automatically opened at the TX end and
created at the RX end. Subsequently, each
file is closed and a message notifies each
operator that the transfer was a success (or
not) and displays the total retransmission
count. The INFOWORLD Software Report
Card for MCALL rated: “Ease of Use” and
“Support” as excellent; and “Functionality”,
“Documentation”, and “Error Handling" as
good.
Release: Currently available
Price: $50.00
Included with price: Operating Instructions
Manual (20 pgs) and 8" single density disk
with 84K source file and 8K com file.
Author: Tim Pugh
Where to purchase it:

Micro-Call Services

9655-M Homestead Ct.

Laurel, MD 20810
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COMPUTERIZED POST OFFICE ’“. . .“ “'“.“.“’“.“ .“.“"
USEFUL IN REMOTE MODEM OR MULTI-USER
COMPUTER SYSTEMS.
FEATURES ADVERTISER INDEX
1: BOX CONFIGURATION ---- 100 BOXES WITH
10 MESSACES PER BOX.
2: SECURITY —--- EACH BOX IS KEYWORD Advertiser

PROTECTED, MESSAGE FILE CAN NOT BE
SEEN BY SYSTEM USERS,

3: LINE EDITOR ---- 7 CONTROL KEYS
RECOGNIZED (CTL-H, CTL-X, CTL-R, ETC)
OTHER FEATURES INCLUDE STRING
SUBSTITUTION AND DELETE, CONTINUE, TYPE
LINE, TYPE MESSAGE, REPLACE LINE,

Ackerman Digital Systems..........c..........
Budget Infosystems.......... i
Cambridge Developement Lab
Computer Mart of New Jersey
Digital Graphic Systems -

4: BULLETIN LINE AND BOX ---- NOTICES
AND BULLETINS ACCESSTBLE BY ALL. Electravalug. ..o
5: DYNAMIC FILE ALLOCATION ---- NO FILE Electronic control Technology

Electronic Specialists ----------oreereeieneens
Godbout Electronics.

CRUNCHING NECESSARY. DELETED FILE SPACE
IS RELEASED BACK TO THE PROGRAM.

6: SPECIAL OPERATOR COMMANDS ---- BOXES
CAN BE ACTIVATED OR DEACTIVATED.
BULLETIN LINE AND BOX CAN BE UPDATED. Ithaca Intersystems

PRICE $50,00 FOR COM FILE OR $100.00 WITE Konan CEH’D i

SOURCE WRLTTEN IN PASCAL/MT. FOR CPM 2.X L‘?apaC Services.....

OR MPM 1.X. Lifeboat Assomates

Mark Winkler......

Morrow Desig ns.

OTHER SOFTWARE PACKAGES

SPACE INVADERS ~--- REAL TIME, NO PAUSES
DURING EXPLOSIONS AND ETC. VDM TYPE DISPLAYS

$25.00 WITH SOURCE IN PASCAL/MI. Potomac Micro-Magic ...

Quasar Data Products
S=1001NE  senasnasin
S-100 MICROSYSTEMS..
Tarbell Electronics....

FIXFOR -——— CONVERTS SINGLE DENSITY DISKS
FOR USE WITH TARBELLS NEW DOUBLE DENSITV
CONTROLLER. $25.00 WITH 8080 SOURCE.

X10S.ASM ——-- MPM BIOS FOR TARBELLS DOUBLE
DENSITY CONTROLLER. $45.,00 Theta Labs
MPM UTILITY PACKAGE ---- PSPOOL, PRINT, Transnet

LOGIN, DR, MESSAGE, BPATCH, BSHORT,
AND ASHORT. $35.00 WRITE FOR DETAILS.

SUPPLIED ON AN 8 INCH SINGLE DENSITY DISK

MARK WINKLER
541 INGRAHAM AVE. 5 % o0 o F &8
CALUMET CITY, ILLINIOS 4
0409 “’“ $0e02, “.H.“.“ (o) N.“.“.“.“

312-868-4866

v

Get 8080/Z80 Source Code on your CP/M compatible disk

DDB — Directory Data Base Program reads disk directories and builds a data
base file for inquiries, find files fast, catalog your library.................. (C)$60/25
COMM4- Menu driven intercomputer communications package for timeshare and

other CP/M systems via serial port w/wo modem. Modes are: terminal (+
session log), file-to-file (w/wo protocol + CRC 16), local (dir, ren, era,

login, display), FDX/HDX. .. oo iena e eeaeas (C)$150/75
CDIR — Comprehensive directory utility: Alphabetical list of file extents & ail
allocated disk blocks: Checks dup allocation for file integrity............ (C)$30/15

DXAM — Disk exam/update utility; For memory map video: Any drive, track, sector:
Display or update data in ASCII, EBIDIC, HEX or user decode option....(V)$40/20
DGEN — Character generator for IMSAIVIO: Runs on VIO:Inputs 3K disk file & edits
characters in a 7 x 9 block character simulation: updates file............. (V)$40/20
DASM — Self relocating 8080 dis-assembler: Outputs to CRT, printer & disk as .ASM
or .PRN types:Symbol table: Symbol XREF : ASCIl dump: control s + p(C)$85/40
GEDT — Gang editor: Single pass multi-string replacements: Your original file
unchanged as new file is created: Wild card character can be used......(C)$40/20
CHESS — Send proof of ownership of Sargon and get complete file using CP/M keybd

and display on VIO, flashwriter or similar 80 x 24 graphic board.......... (V)$20/20
PREDT — Pre-edit program will update version number maintained in program file,
then locate and load CP/M editor (or fname ed. com) and execute....... (C)$40/20

VIDEO — Memory mapped video drivers: Z80 & 8080: Any size char/line configuration
dynamically definable: Multi-window scroll: All cursor/Screen controls.. $40.00
VDRAW— Vector draw & plot for memory map video using 2 x 3 block grafic char as
pixel grid: Call from MBASIC or XDB: Test program included (In BASIC).. $30.00
SYS16 —16K ROM/“BASIC"/Assembler/Monitor/Debug/Tarbell cassette operating sys-
tem supplied on cassette, disk or 2708 EPROM (add $180 for firmware)...$900/75
GAMES—Incredible graphics! : Space Invaders: Target: Startrek & more..... each(V)$40/20
Supplied on your disk/or ours (add $7.50) / or listings-free brochure
Price codes = source/com: (C)=CP/M 1/0:(V) = CP/M Keybd + Mem Map Video

HAWKEYE GRAFIX, 23914 Mobile, Canoga Park, CA 91307
(213) 348-7909

S-100 MICROSYSTEMS

Hawkeye GrafiX......ccocecereeeerrennsnnienns
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25% Down - Balance C.0.D. - Prepaid orders save freight charges. Minnesota residents must add
4% sales tax or provide evidence of tax number for items to be resold. Twin city - metropolitan prices
are slightly higher.

CRT TERMINALS: RETAIL BIS PRICE
(Qty. one)

All ADDS Regent Terminals in stock (20, 25, & 40) 10% OFF
Microterm 2A 995.00 850.00
Microterm 5A 945.00 795.00
Microterm 314 895.00 750.00
Microterm 100 (DEC VT100 emulator) 1895.00 1695.00
TVI 912B & 912C to 895.00 795.00
TVI 920B & 920C to 995.00 850.00
MATRIX PRINTERS (RO):
Anadex 9500 printer 1650.00 1475.00
Centronics 779TF 1350.00 1095.00
Centronics 737 (add $95 for serial) 995.00 850.00
DAISYWHEEL CHARACTER PRINTERS (RO):
BudgetRiter Il (or Qume 3/55) w/S100

interface card 3095.00 2495.00
Qume Sprint 5/55 3195.00 2895.00
Plessy CP4282 (by Data Products) 3595.00 2595.00
MASS STORAGE SUBSYSTEMS:
BudgetStor I-dual Micropolis MOD IIs (630K) 1595.00
BudgetStor Il-dual 8" drives (1.2MB) 1495.00
BudgetStor lll-dual 8" Qume drives (2MB) 1895.00
Micropolis 1053 MOD Il 2 drive system 1895.00 1695.00
KONAN ‘““Hard Tape" controller, with Century

Data 10MB disk & DEI 15.5MB tape drive 6455.00 5995.00
Same with 20MB disk drive 6915.00 6395.00
Same with 40MB disk drive 7685.00 6995.00

MODULAR S$100 MICROCOMPUTERS (MAINFRAMES ONLY):

Watch for the introduction of our own “BudgetSystem 696" - 64K RAM, dual
Qume 8" drives (2MB), “UNIX-like” DOS, and more! Currently in its final
stages of development. Available options will include: 46MB 8" hard disk,
Z8000 CPU, PROM “burner”, multi-terminal OS, and a wealth of software!

Intersystems DPS-1(w/front panel) 1795.00 1625.00
Intersystems DPS-1FPL (front Paneless) 1395.00 1275.00
Intersystems System 1A (w/64K, Z80 & 1/0) 3195.00 2875.00
Intersystems System 2A (same plus FDC2) 3595.00 3250.00
Intersystems System DPX-1 (1A w/Z8001) 4895.00 4425,00
Intersystems System DPX-2 (2A w/Z8002) 4795.00 4325.00
(other configurations available on request)

Vector Graphic MZ 64K, CP/IM2, etc. 4313.00 3495.00
VECTOR GRAPHIC S100 SYSTEMS:

Basic System B (64K RAM, 630K disk) 5463.00 4395.00
Basic System 2800 (64K RAM, 2MB disk) 7295.00 5895.00

Basic System 3030 (32MB Hard Disk) 11945.00 9595.00

(All Vector systems available with accounting, word processing, and
specialty software packages at VERY reasonable prices!)

5100 BUS CIRCUIT CARD ASSEMBLIES (ASSEMBLED & TESTED):

Intersystems DPS Front Panel card 495.00 445,00

Intersystems MPU-8000-1 CPU card 1395.00 1255.00
Intersystems MPU-8000-2 CPU card 1245.00 1120.00
Intersystems MPU-80 card 395.00 355.00
Intersystems 16KSR 16K Static (250ns) 495.00 445.00
Intersystems 64KDR 64K Dyn. RAM card 995.00 895.00
Intersystems FDC2 DD DMA disk controller 495.00 445.00
Intersystems VIO-1 (4P + 2S) /0 card 445.00 400.00
VIO-O Same without interrupts 395.00 355.00
Intersystems 6SI10 Serial I/O card 895.00 805.00
Intersystems EP64 64K EPROM card 295.00 265.00
Intersystems EPB-M EPROM programmer 395.00 355.00

Intersystems ADDA 8-bit A/D & D/A card 495.00 445.00

5100 BUS CIRCUIT CARD ASSEMBLIES RETAIL BIS PRICE
(Qty. one)
Intersystems WW1 Prototyping card NET 35.00
Konan SMC-100 Hard Disk Controller 2195.00 1795.00
NEW! Vector Graphics “ZPB" SBC card 395.00 325.00
Vector Z80A CPU card 247.00 195.00
Vector Bitstreamer |l card 270.00 225.00
Vector Motherboard, 18 slot, terminated 201.00 160.00
Vector Analog Interface Card 132.00 110.00
Vector Precision Analog Interface Card 449.00 350.00
Vector High Res. Graphics Card 270.00 225.00
Vector Video Digitizer Card 201.00 160.00
Vector Flashwriter || 80 x 24 Video 368.00 295.00
Vector PROM/RAM Il Card 247.00 195.00
Vector 8K Static RAM Card 282.00 195.00
Vector 64K dyn. RAM Card 975.00 795.00
Micropolis Controller Card 518.00 425.00
CF&A DATA DESKS:
Universal Printer Stand (all metal) 130.00 115.00
CRT data desk 48" wide 178.00 160.00
data desk return 18" x 36" 145.00 135.00
“Microshelf” (specify mainframe size) 110.00 95.00
“Microshelf” vented for Vector MZ 135.00 120.00

28" Ht. and 30" depth are standard; returns are 26" ht.

Top colors: Teak, Walnut, Pecan, Black, White, Putty, Champagne
Nonstandard tops are $25.00 extra (we prefer Rosewood or leathers)
Sheetmetal colors: Champagne, Black, Blue, Yellow, Putty, Brown,
Butterscotch; legs are black.

The complete line of CF&A RETMA (19”) racks, desk options, fill-in
panels, etc. are also available - call for prices.

MISCELLANY:

Anderson-Jacobson A242A (remanufactured) 185.00 150.00
Novation CAT ansriorig. modem 189.95 175.00
Qume Single sheet paper feeder 1390.00 1195.00

OPUS SD/SS Mini-diskettes 10 in plastic box — specify 0, 10, or 16
sectors & system SPECIAL 27.50/10 250.00/100 in bulk
OPUS SD/SS 8" Diskettes 10 in plastic box — specify 0 or 32

sectors & system SPECIAL 29.50/10 265.00/100 in bulk
OPUS RECORDING MEDIA ARE A PREMIUM GRADE FULLY GUARANTEED
PRODUCT OFFERING SUPERIOR VALUE...DOUBLE DENSITY OR
SPECIAL FORMATS AVAILABLE AT SLIGHTLY HIGHER PRICES.
CompuClean head cleaning diskette 54" 19.00
CompuClean 8" 19.00
(Specify single or double sided) three packs only 47.50
These are a dry process - no mess & much safer!

SOFTWARE:

08S-1 “UNIX-like” Z80 Optimized Operating System & Utilities

(fully CP/IM compatible) $250.00
We have the complete line of Microsoft software available - all prices
10% off.

MDBS Data Base Management System (CODASYL-compatible) the last
word in DBMS’s! available in a wide variety of formats, with or w/o optional
modules from $750.00
HDBS Data Base Management System - the 2nd to the last word!!! $350.00

DEVELOPMENT SYSTEMS & APPLICATIONS PROGRAMS

We have a wide variety of development and applications packages from
several of the major software houses (RSI “Peachtree”, IMS, Graham-
Dorian, and others), plus our own line of proprietary software packages. All
attractively priced.




Throughput is the Only True Measure
of Computer Performance.

Want a 300% improvement in throughput compared to 2 MHz
systems? IEEE-compatible CompuPro boards are designed from the
ground up to operate at 6 MHz and beyond, dramatically increasing
computing power and performance. Don’t settle for less . . . select
high speed, high reliability S-100 products from CompuPro.

The Dual The Z80A
Processor Board CPU Board
uses an 8088 CPU for includes on-board
true 16 bit power with an 8 fully maskable interrupts
bit bus, and an 8085 for compati- for interrupt- driven systems, pro-

bility with CP/M and 8080 software. vision for adding up to 8K of on-board EPROM,
SPECIAL LOW PRICES: $295 unkit, $425 IEEE compatible 16/24 bit extended addressing,
assm (both operate at 5 MHz); $525 qualified and much more. 4 MHz standard operation, but
under the high - reliability Certified System also works with 6 MHz Z80s. $225 unkit, $295
Component program (with 5 MHz 8085, assm $395 CSC.
6 MHz 8088).

HIGH SPEED S-100 MEMORY and MOTHERBOARDS

RAM XX (with bank select AND extended addressing) is the perfect match for either CPU board — thanks to
fully static operation, extremely low power consumption, and complete IEEE spec compatibility.  All unkit and
assembled memories work up to 5 MHz, while Certified System Component boards run up to 8 MHz and are
guaranteed to work with 6 MHz Z80s. All CompuPro motherboards work up to 10 MHz.

assm CSC
16K RAM XX-16 $419 $519
24K RAM XX-24 $539 $649
32K RAM XX-32 $729 $849

20 slot motherboard with edge connectors $214 n/a
12 slot motherboard with edge connectors $169 n/a
6 slot motherboard with edge connectors $129 n/a

SEE COMPUPRO PRODUCTS IN PERSON AT COMPUTER STORES WORLD-
WIDE, OR WRITE US DIRECT IF THERE’S NO STORE IN YOUR AREA.

TERMS: Cal res add tax: Allow 5% for shipping, excess refunded. VISA®/Mastercard® orders call (415) 562-0636, 24
hours. Please include street address for UPS delivery. Sale prices good through cover month of magazine, other prices subject
to change without notice.

ompuPro” son @(@@@ﬂﬂﬁ

Bldg. 725, Oakland Airport, CA 94614




